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Abstract

Prenatal alcohol exposure (PAE) is the leading known cause of preventable brain injury
in children who experience a constellation of neurocognitive, emotional and behavioral
functioning deficits collectively known as Fetal Alcohol Spectrum Disorders (FASD). Only a
few studies have examined neurocognitive functioning in youth with PAE; in addition, recent
longitudinal brain imaging during this discrete period has demonstrated altered developmental
trajectories compared to non-exposed peers. Therefore, the first goal of this present study was to
add to the FASD literature examining neurocognitive functioning in adolescence. A second aim
was to update past findings related to test performance, using the most recent editions of
commonly used intellectual and memory batteries. A third goal was to examine the relationship
between working memory and other domains of EF, as little focus has been placed on EF in
youth with PAE. Data were collected on 28 youth between 12 and 16 years of age with an
established FASD diagnosis or confirmed PAE. The following measures were administered:
Trail Making, Verbal Fluency and Color-Word Interference tests from the Delis-Kaplan
Executive Function System, Wisconsin Card Sorting Test-Computerized Research Edition,
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Wide-Range Assessment of Memory and Learning-Second Edition, Wechsler Intelligence Scale
for Children-Fourth Edition; and Behavior Rating Inventory of Executive Function. Intellectual,
memory, and executive functioning were found impaired at levels consistent with prior test
versions, with overall performance ranging from low-average to borderline ability. Working
memory was strongly and positive correlated with verbal fluency, cognitive flexibility, and
inhibition. An unexpected result identified decreased levels of performance on most measures in
the older half of the sample, a finding that could not be explained by sampling error.
Implications for diagnosis and intervention are discussed.
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Chapter 1

Overview
Prenatal alcohol exposure (PAE) is the leading known preventable cause of brain injury
in children ((National Institute on Alcohol Abuse and Alcoholism [NIAAA], 1990), occurring at
rates double that of the incidence of Down’s syndrome and almost five times the rate of Spina
Bifida (Castelli, 2005; NIAAA, 1990). Individuals prenatally exposed to alcohol experience a
variety of deficits across a spectrum of structural, neurocognitive, learning disabilities,
psychiatric, and adaptive functioning. Often with increasing age comes the increased risk for
poor academic achievement, alcohol and other drug abuse, and interactions with the criminal
justice system (Rasmussen, Horne, & Witol, 2006). This constellation of deficits, collectively
known as fetal alcohol spectrum disorders (FASD), includes fetal alcohol syndrome (FAS),
partial fetal alcohol syndrome (pFAS), alcohol-related neurodevelopmental disorder (ARND),
and alcohol-related birth defects (ARBD). FASD constitutes a major public health crisis within
the Unites States due to both the high prevalence and the increased need for health support,
social services, and special education services (Malisza, 2007). A recent multi-national study
utilizing active surveillance methods found rates for FAS and pFAS ranging from 20 to 50 per
1000 live births among the general population, and is, in fact, estimated to be much higher when
including ARND (Abel, 1995; Foroud et al., 2012; Manning & Hoyme, 2007; May et al., 2006;
May et al., 2009). Prevalence studies from Southern Africa have found rates of FAS and pFAS
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as high as 68.0-89.2 per 1,000 live births (May et al., 2007). Clearly, PAE has reached pandemic
levels worldwide and constitutes an international health crisis.
In addition to the adverse physical, social, and psychological consequences, the economic
impact in the United States alone rings in at a staggering yearly cost of 7.5 billion dollars (Burd,
2003). The need for increased understanding aimed at prevention, diagnosis, and intervention
within this population is both urgent and extensive.
Historical Perspectives
The damaging effects of alcohol on a developing fetus have been known for thousands of
years, evidenced by references in documents from the Holy Bible, “…you will conceive and give
birth to a son. Now then, drink no wine or other fermented drink.” (Judges 13:3, New
International Version), to ancient Greek and Roman writings, and direct admonishments from
Aristotle that pregnant women who consume alcohol …”will bring forth children like unto
themselves, morose and languid” (Calhoun & Warren, 2007). In 1899, the first “empirical”
study of the teratogenicity of alcohol was conducted by W.C. Sullivan in the Liverpool Jail and
found that 55.8% of the 600 children born to alcoholic women were stillborn or died before the
age of 2 years; he went on to conclude that “alcohol had a direct toxic effect on the embryo”
(Sullivan & Scholar, 1899).
Haggard and Jellinek (1942) determined that the developmental delays in offspring of
women who were alcoholics were secondary to their rearing environment (as cited in Niccols,
2007). In France, Lemoine (1968) and colleagues published a paper titled, “Outcome of children
of alcoholic mothers,” in which they described over 100 children prenatally exposed to alcohol
(as cited in Niccols, 2007). In the United States, it was not until 1973 that interest in the
teratogenicity of alcohol achieved widespread attention, after researchers at the University of
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Washington published a report describing similar characteristic malformations in a small sample
of eight children with prenatal alcohol exposure (Jones & Smith, 1973; Mattson & Riley, 1998).
This report led to the initial diagnostic criteria for FAS, which, due to increased understanding of
the teratogenicity of alcohol on the developing fetus, the taxonomy has since undergone
significant expansions.
Diagnosis and Assessment
The term FASD is not utilized as a clinical diagnosis; rather, it is an umbrella term
intended to encapsulate the expansive outcomes associated in individuals prenatally exposed to
alcohol (National Task Force on FAS/FAE, 2004). Typically, the diagnostic criteria delineating
FAS and pFAS from ARBD and ARND have to do with the distinct pattern of craniofacial
anomalies and growth deficits found in the former categories (Hoyme et al., 2005). Research
over the last ten years has demonstrated that central nervous system damage and functional
deficits can occur regardless of the presence of the two or three (depending upon diagnostic
system) craniofacial abnormalities (smooth philtrum, thin vermillion border, small palpebral
fissures) required for a full FAS diagnosis (Connor, Sampson, Bookstein, & Streissguth, 2000;
Mattson, Riley, Gramling, Delis, & Jones, 1998). Furthermore, research has demonstrated age
and ethnic related differences in the craniofacial abnormalities due to PAE, and that these
features tend to diminish as the child approaches adolescence (Spohr, Willms, & Steinhausen,
1993; Streissguth & O’Malley, 2000). Recognizing this conceptual shift, diagnosis now
emphasizes central nervous system deficits in order to identify a characteristic neurobehavioral
phenotype.
A widely utilized diagnostic criteria is that from the Institute of Medicine (IOM) which in
1996 was the first to publish recommendations that included categories other than FAS (Stratton,
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Howe, & Battaglia, 1996). In 1997, Astley and Clarren from the University of Washington’s
Fetal Alcohol Syndrome Diagnostic and Prevention Network (FASDPN), based upon 20 years of
research and data collection, expanded and clarified the IOM’s 1996 recommendations and
developed the four-digit coding system that is utilized in the University of Washington’s FASD
clinics (Astley & Clarren, 2000). The FASDPN system can result in 256 possible 4-digit
combinations within 22 diagnostic categories.
In 2005, Hoyme et al. proposed a systematic revision of the IOM’s diagnostic guidelines,
which is currently widely utilized for accurate diagnosis across the spectrum. Typically referred
to as “Hoymes Revisions”, the guidelines are presented in Table 1. These revisions were an
attempt to provide a more utilitarian method for diagnosis in clinical practice. A common
misconception among primary and allied health professionals is that a child must have an
intellectual disability in order to qualify for a diagnosis of FAS; additionally they are often
unaware of the other diagnostic options (pFAS, ARND, ARBD) (Rasmussen, 2005). On
measures of intellectual functioning, the majority of alcohol-exposed individuals actually fall
above a standard score of 70 (Connor et al., 2000; Odishaw & Snart, 2005; Watson & Westby,
2003), even in the presence of the characteristic facial features (short palpebral fissures, thin
vermillion, smooth philtrum) and growth retardation indicative of FAS (Mattson, Crocker, &
Nguyen, 2011). Additionally, the cranial malformations and growth deficits often vary by
ethnicity. For example, infants and children born to mothers in the United States and Western
Europe often do not exhibit the typical growth retardation even in the presence of confirmed
PAE, due to the well-nourished mother, leading researchers to conclude that the nutritional state
of the birth mother plays an important role in the expression of the teratogenesis of alcohol
(Manning & Hoyme, 2007).
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Table 1
Hoymes Revised IOM Diagnostic Criteria
I.

II.

FAS With Confirmed Maternal Alcohol Exposure (requires all features, A-D)
(A) Confirmed maternal alcohol exposure
(B) Evidence of a characteristic pattern of minor facial anomalies, including 2 or more of the
following:
(1) Short palpebral fissures (≤10%)
(2) Thin vermilion border of the upper lip (score 4 or 5 with the lip/philtrum guide)
(3) Smooth philtrum (score 4 or 5 with the lip/philtrum guide)
(C) Evidence of prenatal and/or postnatal growth retardation
(1) Height and/or weight ≤10%, corrected for racial norms, if possible
(D) Evidence of deficient brain growth and/or abnormal morphogenesis, including 1 or more
of the following:
(1) Structural brain abnormalities
(2) Head circumference ≤10%
FAS Without Confirmed Maternal Exposure
IB, IC, and ID as above

III.

Partial FAS With Confirmed Alcohol Exposure (requires all features, A-C)
(A) Confirmed maternal alcohol exposure
(B) Evidence of a characteristic pattern of minor facial anomalies, including2 or more of the
following:
(1) Short palpebral fissures (≤10%)
(2) Thin vermilion border of the upper lip (score 4 or 5 with the lip/philtrum guide)
(3) Smooth philtrum (score 4 or 5 with the lip/philtrum guide)
(C) One of the following other characteristics:
(1) Evidence of prenatal and/or postnatal growth retardation
(a) Height and/or weight ≤10%, corrected for racial norms, if possible
(2) Evidence of deficient brain growth and/or abnormal morphogenesis, including 1
or more of the following:
(a) Structural brain abnormalities
(b) Head circumference ≤10%
(3) Evidence of a complex pattern of behavioral or cognitive abnormalities
inconsistent with developmental level that cannot be explained by genetic
predisposition, family background, or environment alone
(a) This pattern includes marked impairment in the performance of complex
tasks (complex problem solving, planning, judgment, abstraction,
metacognition, and arithmetic tasks); higher-level receptive and
expressive language deficits; and disordered behavior (difficulties in
personal manner, emotional lability, motor dysfunction, poor academic
performance, and deficient social interaction)

IV.

Partial FAS Without confirmed Maternal Alcohol Exposure
IIIB and IIIC as above
(continues)
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(continued)
V.

ARBD (requires all features, A-C)
(A) Confirmed maternal alcohol exposure
(B) Evidence of a characteristic pattern of minor facial anomalies, including 2 or more of the
following:
(1) Short palpebral fissures (≤10%)
(2) Thin vermilion border of the upper lip (score 4 or 5 with the lip/philtrum guide)
(3) Smooth philtrum (score 4 or 5 with the lip/philtrum guide)
(C) Congenital structural defects in 1 or more of the following categories, including
malformation and dysplasias (if the patient displays minor anomalies only, ≥2 must be
present): cardiac: atrial septal defects, aberrant great vessels, ventricular septal defects,
conotruncal heart defects; skeletal: radioulnar synostosis, vertebral segmentation defects,
large joint contractures, scoliosis; renal: aplastic/hypoplastic/dysplastic kidneys,
“horseshoe” kidneys/ureteral duplications; eyes: strabismus, ptosis, retinal vascular
anomalies, optic nerve hypoplasia; ears: conductive hearing loss, neurosensory hearing
loss; minor anomalies: hypoplastic nails, short fifth digits, clinodactyly of fifth fingers,
pectus carinatum/excavatum, camptodactyy, “hockey stick” palmar creases, refractive
errors, “railroad track” ears

VI.

ARND (requires A and B)
(A) Confirmed maternal alcohol exposure
(B) At least 1 of the following:
(1) Evidence of deficient brain growth and/or abnormal morphogenesis, including 1
or more of the following:
(a) Structural brain abnormalities
(b) Head circumference ≤10%
(2) Evidence of a complex pattern of behavioral or cognitive abnormalities
inconsistent with developmental level that cannot be explained by genetic
predisposition, family background, or environment alone
(a) This pattern includes marked impairment in the performance of complex
tasks (complex problem solving, planning, judgment, abstraction,
metacognition, and arithmetic tasks); higher-level receptive and
expressive language deficits; and disordered behavior (difficulties in
personal manner, emotional lability, motor dysfunction, poor academic
performance, and deficient social interaction)

Note. From “A Practical Clinical Approach to Diagnosis of Fetal Alcohol Spectrum Disorders:
Clarification of the 1996 Institute of Medicine Criteria” by H. E. Hoyme et al., 2005, Pediatrics, Volume
115, p. 44. Copyright 2005 by American Academy of Pediatrics. Reprinted with permission.
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Neuropathology of PAE
Understanding alcohol’s teratogenic impact on developing neuroanatomical structures is
imperative in increasing our understanding of the functional correlates, which can lead to
targeted prevention, assessment, and intervention efforts. What follows is a relatively brief
review of the major neurophysiological findings on the teratogenicity of alcohol.
No singular putative mechanism has been identified as responsible for the array of
structural, metabolic, functional, and neurobehavioral phenotypes expressed in children
prenatally exposed to alcohol (Goodlett & Horn, 2001; Warren & Foudin, 2001). However, the
literature has found that ethanol exerts its damage through multiple mechanisms by acting
directly on fetal tissue, “…and indirectly by interfering with maternal support of the growing
fetus” (Goodlett & Horn, 2001, p. 175). The direct impact on the fetus occurs at multiple levels,
depending upon the type and developmental stage of the cell, and includes a reduction in
neuronal cell division, migration, maturity, and increased rates of necrosis and apoptosis
(Goodlett & Horn, 2001; Larkby & Day, 1997; Maier & West, 2001; Malisza, 2007; Niccols,
2007; Warren & Foudin, 2001). Phenotypic expression of PAE is dependent upon multiple
factors, including heterogeneity of dosing (in terms of timing, frequency, and quantity, i.e., binge
drinking versus moderate social drinking), pre/postnatal factors such as other substances used,
prenatal care, maternal health and age, genetic variability, trauma and stress, a history of birthing
children with FAS, and epigenetics (Niccols, 2007; Nunez, Roussote, & Sowell, 2011; Vernescu,
Adams, & Courage, 2012; Weinberg, 2010). Studies utilizing animal models (rats, mice, guinea
pigs, and sheep) have demonstrated the adverse effects of PAE throughout gestation, including
neurogeneration, myelination, altered gene expression, disrupted-cell interactions, and cell
metabolism (Riley, Infante, & Warren, 2011).
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During the first several weeks of pregnancy, ethanol increases necrosis and chromosomal
abnormalities on a massive scale, both of which may account for the unusually high rate of
miscarriage among women who are alcohol dependent (Niccols, 2007). It is also during this
time that alcohol exposure prior to the migration of cranial neural crest cells causes necrosis,
resulting in the characteristic facial phenotype of FAS children.
From approximately 10 weeks through the third trimester, alcohol exposure continues to
interfere with cell migration and development. Autopsies of infants prenatally exposed and
imaging studies of children, adolescents and adults have found a variety of structural deficits,
including reduced overall skull and brain sizes (Archibald et al., 2001) with some studies of
children with FAS suggesting a twenty-five percent reduction in overall volume when compared
to non-exposed children (Mattson & Jernigan, 1994; Paley & O’Connor, 2007).
These findings include a reduction of volume in the basal ganglia, primarily the caudate
nucleus (Malisza, 2007; Mattson, Schoenfeld, & Riley, 2001; Spadoni, McGee, Fryer, & Riley,
2007); hypoplasia of, and more rarely, agenesis of the corpus callosum (Spadoni et al., 2007).
Another common finding is white matter hypoplasia, most notably in the perisylvian and inferior
parietal region and increased gray matter densities in inferior parietal regions and superior
temporal lobes, which may be indicative of inefficient or reduced pruning, which is a normal
neuronal development process. One study found reduced volume in the left ventral portion of
the frontal lobes, while others have found increased cortical thickness in the right ventral and
inferolateral prefrontal lobe (Sowell et al., 2008). In children with PAE, animal and human
studies have also found reduced cerebellar volume, mainly vermal dysmorphology, and
displacement of the anterior vermis (Malisza, 2007; Niccols, 2007; Spadoni et al., 2007). The
parietal lobes appear to be particularly sensitive to the effects of alcohol, with findings of both
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white and gray matter volume reductions in children with PAE. A longitudinal neuroimaging
study by Lebel et al. (2012) found altered brain maturation in youth with PAE compared to
control youth. Specifically, the children with PAE exhibited cortical volume loss over a series of
scans spaced several years apart when compared to control children, who exhibited volume
increases followed by a period of volume decrease, or pruning during adolescence; the authors
hypothesized that the control children exhibited a higher level of cortical plasticity than youth
with PAE (Lebel et al., 2012). This finding was most pronounced in the inferior and superior
parietal regions. The results of this longitudinal brain imaging study provide robust evidence
that PAE also alters the postnatal trajectory of brain development, and contradicts the previous
belief that the brain damage appeared to be static in individuals with PAE (Medina, 2011).
Another area sensitive to the teratogenic effects of PAE is the hippocampal formation,
and as with other brain regions, the damage is dependent upon timing of exposure, quantity, and
frequency of dosing; with exposure during the third trimester being the most critical for
deleterious effects (Klintsova et al., 2007). Imaging studies have revealed smaller hippocampal
volume in children with FASD (Gil-Mohapel, Boehme, Kainer, & Christie, 2010). The
hippocampal formation is functionally linked to learning and memory abilities, two cognitive
domains frequently showing deficits in children with PAE. According to a review by GilMohapel et al. (2010) numerous animal models of FASD have demonstrated that ethanol exerts
its damaging effects through “...a decrease in neuronal numbers in the various sub-regions of the
hippocampus, … influences cellular maturation, dendritic architecture, and synapse density of
the existing cells in the hippocampal formation” (p. 293) and that these effects may persist into
adulthood, with decreased neurogenesis in the dentate gyrus.
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Ethanol exerts a myriad of damage on the developing brain; therefore it is helpful to
conceptualize its impact like a series of closed head injuries. In this case, the fetal brain is
battered by alcohol, often resulting in serious neurological, cognitive, social, emotional, and
neuropsychological deficits that cause lifelong disabilities, comparable to children with frontal
lobe lesions (Connor et al., 2000); these effects continue to unfold throughout the lifespan of the
individual with PAE.
General Intelligence in Youth with PAE
The cognitive capacities of children with PAE vary widely for reasons similar to those
previously discussed. Nonetheless, extensive research conducted over the past thirty years has
found that PAE typically leads to performance decrements in intellectual abilities, with
individuals with FAS tending to have more severe impairments than those with pFAS or ARND,
which have been found to not significantly differ from one another on measures of intellectual
ability (Chasnoff, Wells, Telford, Schmidt, & Messer, 2010). Clinically significant differences
between verbal and nonverbal abilities are common, however the direction of this difference
varies (Mattson et al., 2011) and is also dependent upon the age when the child is assessed, with
some studies demonstrating decreased verbal reasoning abilities with increased age (Korkman,
Kettunen, & Autti-Ramo, 2003; Rasmusssen et al., 2006).
Perhaps the most commonly used measures of intellectual functioning are the Wechsler
and Stanford Binet tests, and much of the research in school age children with FASD has utilized
various versions of the Wechsler Intelligence Scale for Children (WISC). However, this
particular measure underwent significant revisions with the release of the fourth edition (WISCIV). These revisions include a theoretical shift that emphasizes fluid reasoning, with the addition
of three subtests: Matrix Reasoning, Picture Concepts, and Word Reasoning (Wechsler, 2003).
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Also in the revision was the addition of Working Memory and Processing Speed indices that are
included in computing the full-scale score. As will be discussed in the executive function
domain, working memory and processing speed abilities are considered core deficits in
individuals with FASD (Burden, Jacobson, & Jacobson, 2005; Rasmussen, 2005). It is likely
then, that the inclusion of this index in the WISC-IV may differentially depress full-scale IQ
scores in this population; conversely, the addition of these two indices may provide greater
ability to differentiate alcohol exposed children and adolescents from controls. However, in
reviewing the literature on intellectual functioning in children with FASD, to this author’s
knowledge, there are no known published studies examining the impact of those revisions in
children with FASD, despite it being highly likely that a child referred for an FASD assessment
will be given a WISC-IV. The clinical utility and specificity of the WISC-IV is unknown in this
population.
Learning and Memory in Youth with PAE
Multiple clinical studies have found learning and memory deficits in children and youth
with PAE. They learn fewer words on learning trials of word-list tasks, and demonstrate
difficulties on both free and recognition recall trials (Crocker, Vaurio, Riley, & Mattson, 2011).
Other studies have demonstrated that children with PAE performed relatively better on story
memory tasks when compared to word lists; however, while the children were able to recall more
information on the story task, they also recalled more inaccurate information when compared to
the word list task (Pei, Rinaldi, Rasmussen, Massey, & Massey, 2008). Several studies have
found that the memory deficits present in individuals with PAE occur at the encoding level, in
both verbal and nonverbal modalities rather than at the retrieval level, suggesting impairment in
laying down new information (Coles, Lynch, Kable, Johnson, & Goldstein, 2010). Pei, Job,
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Kully-Martens, and Rasmussen (2011) concluded encoding deficits were the primary issue in a
study comparing 35 children with FASD (6 to 12 years of age) to age-matched controls
examining visuospatial memory utilizing the Rey Complex Figure Test. Kaemingk, Mulvaney,
and Tanner Halverson (2003) studied verbal and visual memory in a group of 20 children 6
through 16 years of age with an FASD. Utilizing the Wide Range Assessment of Memory and
Learning (WRAML; Sheslow & Adams, 1990), they found that while immediate memory for
both visual and verbal domains was “significantly weaker” compared to the non-exposed control
group, the FASD group’s relative retention of information was comparable to that of the control
group (Kaemingk et al., 2003).
Executive Functions in Youth with PAE
Executive functions (EF), according to Baron (as cited in Strauss, Sherman, & Spreen,
2006), can be characterized as:
metacognitive capacities that allow an individual to perceive stimuli from his or her
environment, respond adaptively, flexibly change direction, anticipate future goals,
consider consequences, and respond in an integrated or common-sense way, utilizing all
these capacities to serve a common purposive goal. (p. 40)
Executive functions encompass the most complex constellations of behaviors that are the
foundation for success in most avenues of life, which makes impairments and or deficits in these
areas potentially devastating, even with intact intellectual ability (Lezak, Howieson, & Loring,
2004; Mattson, Goodman, Caine, Delis, & Riley, 1999). Broadly speaking, executive functions
can be conceptualized into four superordinate categories, with multiple components
encompassing each domain. The first domain is that of volition, which refers to an individual’s
capacity to engage in intentional action, which in order for success, requires both motivation and
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self-awareness on a metacognitive level. Planning, the second aspect of executive functions, is
necessary in order to conceptualize the components of intended action, and requires such skill
sets as organization, impulse control, intact memory (both long term and working) and sustained
attention (Lezak et al., 2004). The third category of executive functions is that of purposive
action, which, in its simplest form, is implementing action, whether planned or impulsive. Selfregulatory behaviors comprise the fourth domain, and include productivity and cognitive
flexibility. Although broadly defined, executive functions also encompass discrete, but
somewhat interdependent processes such as working memory, cognitive flexibility,
attention/concentration, processing speed, concept formation, planning and organizing, and
verbal fluency (Mattson et al., 2011; Rasmussen, 2005; Strauss et al., 2006).
A number of studies in children and adolescents with PAE have found consistent deficits
across the spectrum of executive functions, including cognitive flexibility/set shifting and
concept formation (Carmichael Olson, Fedlman, Streissguth, Sampson, & Bookstein, 1998;
Coles et al., 1997; McGee, Schonfeld, Roebuck-Spencer, Riley, & Mattson, 2008), response
inhibition (Burden et al., 2009; Connor et al., 2000), planning and problem solving (Aragon et
al., 2008; Kodituwakku, Handmaker, N., Cutler, Weathersby, & Handmaker, S., 1995), fluency
(Kodituwakku, Adnams, Kithcing, Kalberg, & May, 2006; Mattson et al., 1999; Schonfeld,
Mattson, Lang, Delis, & Riley, 2001), processing speed, and working memory abilities (Burden
et al., 2005; Kodituwakku, Kalberg, & May, 2001; Lee, Mattson, & Riley, 2004; O’Malley &
Nanson, 2002; Rasmussen & Bisanz, 2009b).
Deficits in concept formation and cognitive flexibility have been studied utilizing the
Wisconsin Card Sorting Test (WCST), a test that taps into abstract reasoning, and requires the
examinee to incorporate feedback to adjust response patterns. Children and youth with PAE
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achieve fewer categories and make more errors compared to controls, as Carmichael Olson et al.
(1998) found in her study with 9 adolescents with FAS on the computerized version of the
WCST. Likewise, Kodituwakku et al. (1995), found increased perseverative errors and difficulty
utilizing feedback on the WCST in a sample of 10 participants with FASD compared to 10 agematched controls.
In a sample of 29 children and youth ages 8 to 16 years of age with FASD, Rasmussen
and Bisanz (2009a) examined a variety of EF in children and youth with PAE utilizing the Delis
Kaplan Executive Function System (D-KEFS), a standardized test battery designed to assess a
variety of EF tasks. In this study, they found deficiencies on letter and category switching, but
relatively spared performance on category fluency. They also found that as the children’s age
increased, their performance on verbal measures of EF decreased, suggesting an age-related
decline in selective aspects of verbal abilities. With regards to inhibitory control as measured by
the color-word interference test, children exhibited poorest performance (and well below the
mean) on the inhibition and inhibition/switching conditions from the D-KEFS. Difficulties were
also noted on the number-letter switching condition of the trail-making task, providing further
evidence for deficits in cognitive flexibility in children and youth with FASD.
Children and adolescents with PAE demonstrate clinically significant impairments when
compared to typically developing peers on the Behavior Rating Inventory of Executive
Functioning (BRIEF), a parent report of executive functioning. McGee et al. (2008) found
impairment on all indices and subscales of the BRIEF in an adolescent sample of 43 youth, 13 to
18 years of age, as did Rasmussen, McAuley, and Andrew (2007) in a similar study examining
BRIEF scores in a sample of 64 children ages 5 to 16 years of age with FASD. These studies
further support anecdotal reports from caregivers and other adults directly involved with
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individuals with PAE, who have long reported behavioral problems consistent with an
underlying executive functioning deficit (impulsivity, poor judgment and planning, failure to
learn from mistakes, perseveration, and poor concept formation) (LaDue, 1991; Mattson et al,.
2010; Streissguth, 2007; Watson & Westby, 2003). The executive function deficits found in
children with PAE mirrors the impairments found in children with frontal lobe injuries (Connor
et al., 2000). Furthermore, empirical data has consistently documented the presence of executive
function deficits beyond what would be expected based upon IQ, suggesting ethanol
differentially impacts these abilities (Connor et al., 2000; Rasmussen, 2005). Although there are
multiple component processes involved in executive functions, emergent research suggests that
working memory may play a primary role in the success of other domains (Pennington,
Bennetto, McAleer, & Roberts, 1996; Rasmussen, 2005), and, it has been suggested that working
memory deficits underlie most other cognitive deficits in FASD (Kodituwakku et al., 1995;
Rasmussen, 2005).
Working Memory in Youth with PAE
While there are multiple theories of working memory (WM), it can be broadly defined as
the temporary storage of information in an accessible state over time, in which manipulation of
that information is required for various cognitive tasks (Fougnie, 2008; Gathercole & Alloway,
2006; O’Hare et al., 2009). Working memory deficits are not only a hallmark of children with
PAE (Jacobson & Jacobson, 1999), but cause many challenges in activities of daily living,
interfere with academic success, and negatively impact social and adaptive functioning (Loomes,
Rasmussen, Pei, Manji, & Andrew, 2008). Burden et al. (2005) demonstrated that the correlation
between performance on working memory tasks and PAE remained significant after controlling
for IQ. Among all of the WISC subtests, the backwards condition of the digit span and
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arithmetic were the ones most highly correlated with prenatal alcohol consumption (Rasmussen,
2005; Streissguth, Barr, Bookstein, Sampson, & Olson, 1999). Rasmussen et al. (2007) found
that children between the ages of 5 and 16 years with FASD were significantly impaired on the
Working Memory scale (among others) on the parent report of the BRIEF. They also found that
older children were more impaired than younger children on this same subscale. Green et al.
(2009), in a relatively large sample of 89 children with FASD (aged 8-15 years) demonstrated
spatial working memory deficits utilizing the Cambridge Neuropsychological Tests Automated
Battery (CANTAB); while this subtest was not the only one showing deficits in these
participants, it had the largest effect size (Cohen’s d = 1.1) compared to the other subtests of
executive functioning. Aragon and colleagues (2008), in a study with 24 children and
adolescents (7 to 17 years of age) with FASD recalled fewer correct digits forward and
backwards on the Digit Span Subtest of the WISC-IV compared to non-exposed control children.
Statement of the Problem
With the current research, we do not yet know if children with PAE display a specific
executive function profile that may emerge at different developmental levels, as has been found
in research with normally developing children (Gathercole, Pickering, Ambridge, & Wearing,
2004; Welsh, Pennington, & Groisser, 1991). In part, this is due to the limited number of
studies, but also because these studies frequently assess abilities across a wide developmental
spectrum, warranting strong caution in generalizing the results. Small sample sizes are quite
common in research with FASD, with a general trend of having between 9 and 20 participants
with a wide age range, as was the case in the Mattson et al. (1999) study with 18 participants
aged 8 to 15 years old. Similarly, the Kodituwakku et al. (1995) study on self-regulation in
children with prenatal alcohol exposure only had 10 participants between the ages of 9 and 18
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years old. On a study of verbal and nonverbal fluency in children prenatally exposed, Schonfeld
et al. (2001) compared two groups (10 children diagnosed with FAS and 8 children with heavy
exposure but not diagnosed with FAS) with an age span from 8 to 15 years. Recently released
studies have employed large sample sizes (hundreds) but, again, study a developmental span
from early school age to late adolescence, making it difficult to extrapolate discrete
developmental profiles.
The literature examining working memory in PAE though sparse, is wrought with similar
methodological flaws as those discussed above, and subject to the same limitations, and have
used relatively few measures of working memory: forward and backwards digit span from the
Wechsler Intelligence Scale for Children, consonant trigrams test, and spatial working memory
from the CANTAB.
Finally, there is a lack of research examining how youth with PAE perform on commonly
used measures of executive functioning in relationship to working memory and parent/caregiver
report on similar constructs. Understanding the relationship of executive function abilities,
particularly the impact of working memory on other aspects of executive functioning in youth
with FASD is critical in selecting assessment tools with adequate specificity and sensitivity to
improve diagnostic outcomes and subsequent intervention.
Rationale and Hypotheses
Research conducted over the past thirty years in children and adolescents prenatally
exposed to alcohol has confirmed the presence of performance decrements across a variety of
neurocognitive abilities including IQ, information processing, learning and memory, and, more
recently, executive functions. Furthermore, previous studies have often included a small sample
size with a large age range, possibly distorting the impact of PAE on neurocognitive abilities at
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discrete developmental periods. Neuropsychological assessment is a key part of the diagnostic
process in identifying a child with this spectrum disorder. Much of the published research
examining neurocognitive abilities in these children is based upon older instruments, such as the
WISC-III and WRAML, which have since undergone significant revisions. To date, no
empirical investigation has been completed that examines how youth in a restricted age range
with PAE perform on these revised measures. Finally, working memory and other executive
function deficits are considered characteristic of individuals with PAE (Jacobson & Jacobson,
1999); yet there is little research examining the interrelationships of these functional systems.
The purpose of this research was two-fold: first, to examine how a group of youth with prenatal
alcohol exposure perform on revised, commonly used standardized intellectual and memory
batteries; secondly, to examine the relationship between working memory and executive
functioning in a clinical population, and to determine if a specific pattern of executive
functioning emerges during a discrete developmental period.
Consistent with prior research examining neurocognitive functioning in children with
FASD (Mattson & Riley, 1998; Streissguth, Barr, & Sampson, 1990), it was predicted that full
scale IQ (FSIQ) on the WISC-IV would be lower when compared to the existing standardization
sample.
Furthermore, due to the inclusion of working memory and processing speed on the
WISC-IV (both considered to be hallmark deficits in youth with PAE), it was predicted that
performance on the Working Memory (WMI) and Processing Speed (PSI) Indices would be
significantly lower than the Verbal Comprehension and the Perceptual Reasoning Indices. That
is, because of the introduction of the WMI and the PSI in the computation of the FSIQ, the FSIQ
obtained in this study would be lower than previously reported (i.e. WISC-III results). The
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WISC-IV also includes a composite score in which working memory and processing speed are
not computed, the General Ability Index (GAI). Given the suspected impact of working memory
and processing speed in this population, it was predicted that the mean GAI from the WISC-IV
would be greater than the mean FSIQ.
Prior research has found equivocal results regarding performance on visual and verbal
memory tasks. As discussed earlier, the contrasting findings in those studies may be partly due
to design flaws related to a large age span (often 8 years to 16 years of age) and lack of utilizing
a standardized, well-normed comprehensive memory battery. Another consideration is that this
may be related to the heterogeneity of this population. Therefore, this study also aimed to
determine if a specific strength/weakness of verbal versus visual memory abilities in individuals
with FASD emerged, by restricting the age range, using a reasonable sample size, and employing
a comprehensive memory battery with demonstrated robust psychometric properties. An
additional question of interest was comparing memory performance to general intellectual
functioning; therefore, this study employed the alternative hypothesis and predicted that the
composite general memory ability score for a sample of youth with PAE would be significantly
lower than their FSIQ.
The literature in PAE has clearly demonstrated executive function deficits across a
variety of measures utilized, and given that working memory is now understood to be mediated
by the central executive component, a study examining working memory would be incomplete
without investigating other aspects of executive functioning. Given the paucity of literature on
the working memory capabilities of youth with PAE, it is unknown to what extent their
deficiencies in executive functions may be related to poor working memory ability or vice versa.
This research examined the relationship between working memory and various executive
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functions as measured by commonly used neuropsychological tests that tap into this construct. It
was hypothesized that there would be a statistically significant positive relationship between the
Working Memory Index Score of the WISC-IV, WRAML2 and the subscales of the Behavioral
Regulation Index of the BRIEF; Inhibition, Inhibition/Switching, Verbal Fluency, and ColorWord Interference subtests of the Delis Kaplan Executive Functioning System, and the
Wisconsin Card Sorting Test, Computerized Version, Fourth Edition.
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Chapter 2
Method

Participants and Recruitment Methods
A sample of 28 (13 females, 15 males) between 12 years and 0 months, and 16 years and
11 months of age was recruited from three states in the Pacific Northwest (Washington, Oregon,
Idaho) and North Carolina. Participants were obtained from FASD online parent support groups,
the National Organization on Fetal Alcohol Spectrum Disorders (NOFAS) Washington state
chapter, adoption support agencies, pediatricians, churches, and speech pathologists at various
secondary schools. A letter, signed by the principal investigator and emailed to the abovementioned groups explained the purpose of this study, perceived benefits and risks of
participation, and contact information of the principal investigator and faculty sponsor. Parents
or guardians then contacted the principal investigator directly indicating their interest, at which
time a consent/assent form was sent and a brief phone interview was scheduled to determine
initial eligibility (see appendixes A - C for letter, consent/assent and telephone screening forms,
respectively).
Inclusion and Exclusion Criteria
Eligibility was determined during a brief phone interview (described in the next section:
Measures) with the parent/guardian and a review of records confirming prenatal alcohol
exposure. A participant was eligible if s/he was diagnosed with a FASD classification (Fetal
Alcohol Syndrome, Partial Fetal Alcohol Syndrome, Alcohol-Related Neurodevelopmental
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Disorder, Alcohol-Related Birth Defects, Fetal Alcohol Effects, Alcohol Exposed/Static
Encephalopathy) or for whom there was documented prenatal alcohol exposure and FAS/pFAS
had been previously ruled out but s/he had not been evaluated for the other diagnoses on the
spectrum. All of the diagnoses were accepted in order to approximate a clinically representative
sample. An FAS/pFAS/FAE diagnosis was considered valid if made by a physician, or through
an FASD assessment clinic. All other diagnoses on the spectrum were considered valid if there
had been previous psychological testing that confirmed the required deficits and there was
confirmed prenatal alcohol exposure. Evaluation at a specialized FASD clinic typically involved
a multidisciplinary team comprised of a developmental pediatrician, psychologist, occupational
therapist, speech and language pathologist and a social worker. A consensus diagnosis is made
based upon testing data, clinical interview, and review of educational and medical records.
The youth was between the ages of 12 years, 0 months and 16 years, 11 months at the time of
testing for this study. This wide of an age span was necessary in order to find enough
participants, while minimizing the impact of age-related developmental variability.
Potential participants were excluded if they met any of the following criteria determined
by parent/guardian report during the telephone screening indicated a hearing, visual or physical
disability that even when corrected would likely preclude valid testing; English was not the
primary language spoken by the youth; active substance abuse within the last three months prior
to testing; any history of a head injury with a loss of consciousness greater than five minutes; a
diagnosis of epilepsy (however, to obtain a representative sample up to three teens with cooccurring epilepsy were allowed); presence of a pervasive developmental spectrum disorder.
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Participant Demographics
Forty-two potential participants were contacted, eleven of whom were found ineligible to
participate due to meeting an exclusion criteria. Two eligible participants canceled scheduled
testing due to illness (rescheduling was not possible due to travel constraints) and two
participants pulled out of the study citing scheduling conflicts. One participant was deemed
ineligible immediately prior to testing after a reference was found in a medical record to an
uncorrected visual impairment the parents had forgotten to mention during the telephone
screening. Exclusion criteria met are shown in Table 2.

Table 2
Exclusion Criteria Met by Screened Participants
Criteria

a

Frequency
N = 11

Physical Disability
(optic nerve hypoplasia)

1

English as Second Language
(Russian)

2

Substance use disorder w/in 3 months

2

Pervasive Developmental Disorder

1

No Evidence of PAE/FASDa

5

Parent/Guardian was required provide confirmation of PAE or
diagnosis after telephone screening if all other eligibility criteria
were met; these participants’ documentation contradicted
parent/guardian report.
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This resulted in a sample of 28 participants. Twenty-five youth resided in adoptive
homes at the time of testing, one youth was in a kinship foster home, one youth was in a non-kin
foster home, and one youth was living with his/her biological mother and stepfather. Table 3
provides other relevant participant demographic information. The mean age of participants was
15 years and 11 months (SD = 1.5). As shown in Table 3, the percentage of FASD diagnoses
closely matched incident and prevalence estimates found in the general population (Astley,
2010), with ARND being far more common than FAS.
The percentage of Alaska Native/American Indian representation in this sample is larger
than the 1.7 percent present in the 2010 U.S. census (Norris, Vines, & Hoeffel, 2012). This may
be due, in part, to higher prevalence estimates of FASD in this ethnic group (Astley, 2010).
Measures
The Telephone Screening form found in Appendix A, guided the phone conversation that
determined eligibility. Accordingly, the author requested demographic information from the
parent/guardian such as their child’s age, gender, language preference and educational status
(including reading level). Once a youth was determined to be eligible, the parent provided
official documentation regarding the FASD diagnosis or evidence of prenatal alcohol exposure
before testing commenced.
The consent and assent forms appear as Appendix B and C, respectively. Parent/guardian
were either emailed or faxed a copy of the informed consent agreement that detailed the purpose
of the study, perceived benefits and risks of participation, how confidentiality would be
maintained, and the compensation offered for completion of the study ($20 Target gift card for
the youth, and the parent/guardian name entered in a drawing to receive one of two $50 gas
cards). The consent form also detailed that participation was voluntary, and that the
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Participant Demographics
Variable

Frequency
N = 28

% of total
Sample

14
14

50
50

4
3
4
7
10

14.2
10.7
14.2
25.0
35.7

5
1
2
2
1
17

17.9
3.6
7.1
7.1
3.6
60.7

7
9

25.0
32.1

12

42.8

Gender
Female
Male
Age (years)
12
13
14
15
16
Ethnicity
Alaska Native/American Indian
Asian
Black/African American
Latino/Hispanic
Multi-Ethnic
White
FASD Diagnosis (Confirmed Prenatal Alcohol Exposure)
Fetal Alcohol Syndrome
Partial Fetal Alcohol Syndrome/Fetal Alcohol Effects
Alcohol Related Neurodevelopmental Disorder/Static
Encephalopathy/Prenatal Alcohol Exposurea

Note. PAE = Prenatal Alcohol Exposure. a Six participants initially met inclusion criteria
for confirmed PAE in which only FAS/pFAS had been previously ruled out. Once testing
was concluded these individuals met criteria for ARND diagnosis according to 2005
Hoyme’s Revised IOM classification, and were re-classified as ARND for statistical
purposes. No diagnostic information was provided to any participant or the parent/guardian.
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Table 4
Frequency of other diagnosis present in participants
Diagnosis

Frequency

ADHD

21

Dysgraphia

1

Mathematics Disorder

14

Mixed Expressive-Receptive Language

1

Reading Disorder

3

Seizure Disorder

2

Written Expression Disorder

4

Sensory Integration Disorder

2

parent/guardian or youth could withdraw at any time without penalty, although the rewards
would be available only to those completing all of the testing. An assent form that detailed the
same information as the parent/guardian form (written at a 3.7 grade level as determined by the
Flesh-Kincaid Reading Scale) was given to the youth to read and sign. The parent/guardian was
also required to sign the assent form.
Test selection criteria
The following measures of neuropsychological functioning were selected based upon a
literature review identifying them as both commonly used and clinically useful in evaluating
children with a Fetal Alcohol Spectrum Disorder. Since it was likely that any youth referred for
a psychological evaluation was administered some of the measures used in this study, the
parent/guardian was asked if an evaluation had taken place, and if so, a copy of the report was
requested. If the previous assessment used any of the following measures within the last 18
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months, the scores from the prior evaluation were utilized. This procedure eliminated practice
effects; in the case of the executive function measures, prior knowledge spoils the test because of
the assumption of novelty of the test task.
The Wechsler Intelligence Scale for Children-Fourth Edition. (WISC-IV; Wechsler,
2003). This is an individually administered, standardized measure of cognitive ability for
children ranging in age from six years, zero months to sixteen years, eleven months. The WISCIV is a psychometrically sound measure of cognitive ability and consists of 10 core subtests:
Block Design, Similarities, Digit Span, Picture Concepts, Coding, Vocabulary, Letter-Number
Sequencing, Matrix Reasoning, Comprehension, and Symbol Search. Five supplemental subtests
include the Picture Completion, Cancellation, Information, Arithmetic and Word Reasoning.
Administration of the full WISC-IV generally took 60 to 90 minutes. For the purposes of this
study, the 10 core subtests and the Arithmetic and Information subtests were administered.
These two supplemental subtests were included because of their relationship with working and
long-term memory, respectively. The WISC-IV yields a Full Scale IQ (FSIQ) and four Index
Scores, Verbal Comprehension (VCI), Perceptual Reasoning (PRI), Working Memory (WMI)
and Processing Speed (PSI). Internal consistency was established using the split-half method
with Spearman Brown correction, with coefficients ranging from .79 to .90 for the core subtests
across all ages. For the Indexes, split-half reliability coefficients as reported in the test’s
Technical and Interpretive Manual (2003) are: .94 for Verbal Comprehension, .92 for both
Working Memory and Perceptual Reasoning, .88 for Processing Speed, and .97 for the Full Scale
IQ. Content validity was demonstrated through expert panel input and literature reviews.
Validity of the WISC-IV was established through correlational studies with the Wechsler
Intelligence Scale for Children, Third Edition (WISC-III; Wechsler, 1991) and other Wechsler
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batteries, as shown in Table 5. Additional validity was demonstrated through both exploratory
and confirmatory factor-analytic studies, which supported the WISC-IV structure across all age
bands. Table 5 provides correlational information related to validity, as reported in the WISC-IV
Technical and Interpretive Manual.

Table 5
Correlation of WISC-IV FSIQ to other Wechsler Standardized Batteries
Test

r2 (composite scores)

WISC-III

.87

WPPSI-III

.89

WASI (Full Scale – 4)

.86

WIAT-II (TA)

.87

WAIS-III

.88

Note. WISC-III = Wechsler Intelligence Scale for Children-Third Edition;
WPPSI-III = Wechsler Preschool and Primary Scale of Intelligence-Third
Edition; WASI = Wechsler Abbreviated Scale of Intelligence; WIAT-II =
Wechsler Individual Achievement Test- Second Edition, Total
Achievement Score; WAIS-III = Wechsler Adult Intelligence ScaleThird Edition.

Wide Range Assessment of Memory and Learning-Second Edition. (WRAML2;
Sheslow & Adams, 2003). This is an individually administered, standardized and
psychometrically sound measure of memory for individuals ages 5 years, 0 months to 90 years,
11 months. There are six core subtests: Story Memory, Verbal Learning, Design Memory,
Picture Memory, Finger Windows, and Number-Letter. Three index scores can be calculated

Neurocognitive Performance in Youth with PAE

29

from these core subtests: General Memory, Visual Memory and Attention/Concentration.
Reliability ranges from .82 to .94 for the core subtests, and internal consistency coefficients for
the core index scores range from .82 to .96 and from .71 to .95 for the core subtests (Sheslow &
Adams, 2003). Two optional subtests comprise the Working Memory Index: Verbal Working
Memory and Symbolic Working Memory, which have coefficient alpha reliabilities reported as
ranging from .89 to .92 for the ages nine through thirteen years of age. Moderate to strong
correlations between the WRAML2 and other well-normed memory measures provided external
validity as shown in Table 6. For the purposes of this study, the core subtests (with their
associated but optional Delayed Recall and Recognition components) and the two supplemental
subtests comprising the Working Memory Index were utilized. The WRAML2 took
approximately 40 minutes to administer.

Table 6
Correlations between the WRAML2 and other Memory Measures
WMS-III

TOMALa

CMS

WRAML2
Indexes

Auditory
Immediate

Visual
Immediate

General
Memory

Working
Memory

General
Memory

Verbal
Memory

NonVerbal
Memory

Composite

Verbal Memory

.66

.41

.59

.30

.21

.69

.34

.50

Visual Memory

.33

.42

.46

.23

.48

.26

.58

.46

.39

.19

.34

.65

.28

.61

.24

.50

.42

.34

.39

.60

-

-

-

-

.60

.43

.60

.52

.49

.62

.58

.69

Attention/
Concentration
Working
Memory
General
Memory

Note. WMS-III = Wechsler Memory Scale -Third Edition; CMS = Children’s Memory Scale;
TOMAL = Test of Memory and Learning. aCorrelations reported for a group of children with
ADHD/LD, as reported in WRAML2 Administration and Technical Manual.
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Wisconsin Card Sorting Test-Computerized Research Edition. (WCST-CV-4;
Heaton, Chelune, Talley, Kay, & Curtiss, 1993). This is an un-timed measure that assesses the
ability to engage in hypothesis testing/problem solving, cognitive flexibility and maintenance of
set (Mitrushina, Boone, Razani, & D’Elia, 2005; Strauss et al., 2006). One of the most
commonly used instruments to assess executive functions (Rabin, Barr, & Burton, 2005), it has
also been utilized in previous studies with children and adolescents with FASD (Carmichael
Olson et al., 1998; Coles, 2001; Kodituwakku, et al., 1995). The Generalizability coefficient was
utilized as a measure of internal reliability for the manual method of administration in a nonclinical sample of children and adolescents and ranges from a low of 0.37 on the Percent
Perseverative Responses to a high of 0.72 on the scale of Nonperseverative errors (Heaton,
Chelune, Talley, Kay, & Curtiss, 1993). Overall, the WCST demonstrated moderate to good
reliability (with the exception of the percent perseverative response scale). As with most tests of
executive function, the underlying component processes are complex, for which success requires
adequate skills in multiple areas, this is true for the WCST (Strauss et al., 2006). Additional
skills needed on the WCST include visual processing, numerical ability and working memory.
Multiple factor analytic studies with adults and children have demonstrated construct validity in
the area of shifting ability (Greve, Stickle, Love, Bianchini, & Stanford, 2005), lending credence
to the widely held belief that the WCST is a measure of executive function. For manual
administration methods, studies of child and adolescent clinical populations (TBI, ADHD,
seizure disorder) resulted in fewer categories, higher number of perseverative errors and fewer
conceptual level responses than controls; this finding has been replicated in studies with children
and adolescents prenatally exposed to alcohol (Carmichael Olson et al., 1998; Kodituwakku et
al., 1995; Kodituwakku et al., 2001). Carmichael Olson et al. (1998) and Astley et al. (2009)
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found that children and adolescents with PAE scored significantly lower than matched controls
on total errors (Astley et al., 2009), categories achieved, and “other” responses; both of these
studies provide some evidence of validity of the WCST computerized version in differentiating
alcohol exposed children from matched controls. However, caution is warranted in interpreting
results on the computerized version, as the normative data provided in the scoring program are
from data based upon traditional administration (Artola I Fortuny & Heaton 1994). Ozonoff
(1995) found that autistic children tended to perform better on the computerized version
compared to performance on the manual administration, although the values did not reach
statistical significance.
The computerized administration and scoring version was utilized for this study. The test
consists of four unique reference cards that appear at the top of a computer screen and the
examinee is instructed to sort each card that appears at the bottom center of the screen to one of
the four reference cards at the top. Card movement is accomplished with the computer’s
“mouse.” Written and oral feedback in the form of “right” or “wrong” appeared after each
attempted sort. The participant was given the following standardized instructions: “This test is a
little unusual because I am not allowed to tell you very much about how to do it. You will be
asked to match the card that appears at the bottom of the screen to one of the four key cards at
the top. I cannot tell you how to match the cards, but the computer will tell you each time if you
are right or wrong. If you are wrong, try and get the next card correct. There is no time limit on
this test.” For the purpose of this study, the dependent variables of Perseverative Responses and
Nonperseverative Errors were utilized. Typical administration varied from 15 minutes to over
40, and depended upon the ability and response style of the examinee.
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Behavior Rating Inventory of Executive Function-Parent Form. (BRIEF-P; Gioia,
Isquith, Guy, & Kenworthy, 2000). This is a questionnaire for parents of children between the
ages of 5 years, 0 months, and 18 years, 11 months of age, designed to assess a broad range of
executive functioning in children. The Parent form, which was utilized for this study, contains
86 items that tap eight empirically and theoretically derived categories: Inhibit, Shift, Emotional
Control, Initiate, Working Memory, Plan/Organize, Organization of Materials, and Monitor; and
two validity scales: Inconsistency and Negativity. Two Indexes are derived from these
categories: Behavioral Regulation and Meta Cognition, as well as an overall score known as the
Global Executive Composite. Reliability of the BRIEF-P ranges from .82 to .98 on the clinical
and composite scales. Since the BRIEF was the first of its kind to be developed, direct
comparison to other questionnaires of executive functioning was not possible; however
correlating it with specific scales of other well-known behavior questionnaires provide evidence
of external validity as shown in Table 7.
The parent form typically took 10 to 15 minutes to complete after the following
instructions were given: “Parents observe a lot about their children’s problem solving and
behavioral functioning that cannot be measured in an office visit. Your help is essential. This
questionnaire allows you to document your observations of your child’s functioning at home.
Please read the instructions and respond to all of the items, even if some are difficult or do not
seem to apply. As you will see, the instructions ask you to read a list of statements that describes
children’s behavior and indicate whether your child has had any problems with these behaviors
in the past 6 months. If the specific behavior has never been a problem in the last 6 months,
circle the letter, “N”; if the behavior has sometimes been a problem circle the letter “S”; if the
behavior has often been a problem, circle the letter “O.” If you have any questions or concerns
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please don’t hesitate to ask for my help.” Item responses were entered into a computer and
scores determined by commercially available software program from the test publisher. The
BRIEF has been used in previous studies examining EF abilities in children with PAE.
Rasmussen, McAuley and Andrew (2007) found all scales “approaching clinical significance” in
the entire sample of 64 children and youth 5 to 16 years of age, with significant deficits noted on
Inhibit, WM and the Initiate scales. Further, they also noted that relative to normative data, the
older children in the sample had more difficulty on WM and Initiation scales than the younger
children. A 2006 study examining EF and social skills following PAE (Shonfeld, Paley, Frankel,
& O’Connor) utilized the BRIEF and a sample of 98 children diagnosed with an FASD, and
found both the Behavioral Regulation and Metacognition Indices within the clinically significant
range, indicating overall difficulties in ecological aspects of EF. These studies demonstrate that
the BRIEF is a useful questionnaire in evaluating EF abilities in children and adolescence with
PAE.
Behavior Rating Inventory of Executive Function-Self Report Form. (BRIEF-SR;
Gioia, Isquith, Guy, & Kenworthy, 2004). This is an 80-item standardized self-report
questionnaire for older children and adolescents 11 years, 0 months to 18 years, 11 months of
age. The BRIEF-SR required the examinee to read at approximately a fifth-grade level, which
was determined based upon parent report. The original BRIEF-P provided the foundation for
development of the BRIEF-SR (Guy, Gioia, & Isquith, 2004). Like the BRIEF-P, the eight
categories of the BRIEF-SR yield the Behavioral Regulation and Meta Cognition Indexes, which
combine to form the Global Executive Composite score. Additionally, the Monitor scale loads
on the Behavioral Regulation factor, which includes items related only to self-monitoring (a
difference from the BRIEF-Parent form that also includes task-monitoring items). The BRIEF-
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SR demonstrates high internal consistency for the Global Executive Composite (α = .96), strong
test-retest reliability and interrater agreement with the BRIEF Parent rating (r = .89 and r = .56,
respectively). Similar to the parent form, the uniqueness of the BRIEF-SR precluded direct
comparison with other self-report measures of executive function (Guy et al., 2004). However,
correlations with other behavioral measures, such as the Behavior Assessment System for
Children-Self Report of Personality (Reynolds & Kamphaus, 1992) are provided in the
professional manual. They ranged from a low correlation (r = -.01, p > .05) between the BASCSRP Self-Reliance adaptive scale and the BRIEF-SR Emotional Control scale to a moderately
strong correlation (r = .56, p < .01) between the BASC-SRP Anxiety scale and the BRIEF-SR
Emotional Control scale.
The following instructions were given to the examinee: “Kids/teens know a lot about
their own behavior and how they solve the problems they may face. Your help is essential to me
as I attempt to understand you and your behavior. Please read the instructions carefully and
respond to all of the items, even if some are difficult or do not seem to apply to you. As you will
see, the instructions ask you to read a list of statements that describe young people’s behavior
and to indicate whether you have had any problems with these behaviors over the last 6 months.
If the specific behavior has Never been a problem for you in the last six months, circle the letter
“N”; if the behavior has Sometimes been a problem for you in the last 6 months, circle the letter
“S”; if the behavior has Often been a problem for you in the last 6 months, circle the letter “O”.
If you have any questions or concerns, please don’t hesitate to ask me.” The software utilized
for scoring the Parent Form was also used for the Self-Report from.
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Table 7
Correlations of BRIEF-P with other Behavioral Questionnaires
ADHD-Rating
Scale-IVa

CBCLb Scale

CRSc Scale

Hyperactivity/
Impulsivity

Attention
Problems

Aggressive
Behavior

RestlessDisorganized

Conduct
Disorder

HyperactiveImmature

Inhibit

.73**

.58**

.73**

.67**

.75**

.54**

Shift

.59**

.59**

.57**

.59**

.61**

.50*

Emotional
Control

.56**

.57**

.67**

.70**

.72**

.54**

Initiate

.36**

.50**

.42**

.47*

.48*

.58**

Working
Memory

.44**

.64**

.44**

.43*

.34

.55**

Plan/Organize

.33**

.56**

.40**

.50*

.43*

.62**

Organization
of Materials

.15

.40**

.32**

.42*

.26

.50*

Monitor

.45**

.65**

.54**

.51**

.43*

.52**

Behavioral
Regulation

.70**

.65**

.76**

.71**

.77**

.57**

Metacognition

.38**

.63**

.47**

.50*

.42*

.62**

Global
Executive
Composite

.60**

.72**

.68**

.64**

.61**

.64**

BRIEF-P
scale/index

Note. CBCL= Child Behavioral Checklist; CRS = Connors Rating Scale. aDuPaul, Power,
Anastopoulos & Reid 1998. bAchenbach, 1991. cConnors, 1989.
*p < .05. **p < .01.
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Delis Kaplan Executive Function System. (D-KEFS; Delis, Kaplan, & Kramer, 2001).
This is an individually administered, well-normed, nationally standardized measure designed to
assess a variety of verbal and nonverbal executive functions across an age span of 8 to 89 years
(Delis et al., 2001). According to the D-KEFS Examiner’s Manual (Delis et al., 2001), the
instrument is grounded in a cognitive-process approach to assessment, and the nine subtests of
the D-KEFS can each be individually administered and scored in order to isolate specific
executive functions. The following three tests were administered: Trail Making Tests
(conditions 1-5), Verbal Fluency (conditions 1-3) and the Color-Word Interference Test
(conditions 1-4). Previous research has found these measures sensitive to deficits in children
with prenatal alcohol exposure (Mattson et al., 1999; Schonfeld et al., 2001).
The Trail Making Test of the D-KEFS is composed of five conditions, which together,
take approximately five minutes to administer. The format of this test is based upon the original
version developed as part of the Army Individual Test Battery (1944), and numerous studies
have shown it to be highly sensitive to a wide array of clinical populations, including children
and adolescents with prenatal alcohol exposure (Rose-Jacobs et al., 2011). Internal consistency
of this test was determined utilizing a Spearman-Brown correlation coefficient, and ranged from
.72 - .68 across the ages 9 years, 0 months to 12 years, 11 months old for the Number-Letter
Composite Sequencing Composite Score. Test-retest reliability across the five conditions range
from .20 on Condition 4, to .82 on Condition 5 between 8 to 19 years of age. The low reliability
on Condition 4 is fairly typical of discrete measures of executive function, and can reflect their
need for high sensitivity for novel items, and, clinically, are often considered “one-shot tests”
(Strauss et al., 2006). Condition 1 assesses visual scanning, in which the examinee is required to
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find all of the number threes on a stimulus page by drawing a slash through them as quickly as
s/he can, until the end is reached or 150 seconds elapses, whichever comes first. Condition 2 is a
measure of number sequencing in which the examinee is given a stimulus page containing both
numbers and letters, but is instructed to connect only the numbers in order by drawing a line
beginning at number 1 until s/he reaches the number 16. Condition 3 measures letter
sequencing. Again, the examinee is presented with a stimulus booklet containing numbers and
letters, and is told to connect only the letters, beginning with A and ending with the letter P.
Condition 4, the Number-Letter Switching task, assesses the higher order skill of cognitive
flexibility by combining Conditions 2 and 3. The examinee is presented with a stimulus booklet,
and is instructed to, beginning with the number one, draw a line from a number to a letter (A)
and switch back and forth between a number and letter, in order, until the end is reached.
Condition 5, the last subtest, measures motor speed to determine if a slower motor speed has a
differential impact on the examinee’s performance on Condition 4. The stimulus booklet is
again presented to the examinee, who is instructed to trace, as quickly as s/he can, over a dotted
line that connects a circle along a path until s/he reaches the end. Each subtest is scored by
recording, in seconds, the total completion time and number of errors committed. Several
optional contrast scores can be computed to determine if there are deficits in baseline skills
needed to perform on the Number-Letter Switching task, such as visual sequencing or motor
speed, for example.
The Verbal Fluency Test is comprised of three conditions that take approximately 9
minutes to administer (including providing instructions) and are designed to measure phonemic
(Condition 1) and semantic (Condition 2 and 3) fluency and cognitive flexibility (Condition 3).
Internal consistency for the age range of 12 years, 0 months to 19 years, 11 months varied across
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the three conditions from 0.44 (Condition 3 Category Switching Total Correct) to 0.81
(Condition 1 Letter Fluency Total). Test-Retest reliability coefficients range from 0.53
(Condition 3 Switching Accuracy) to 0.70 (Condition 2), with the majority falling within a
moderate level of reliability. In the first condition, Letter Fluency, the examinee is asked to
name as many words as possible (excluding proper nouns and numbers) that begin with different
letter over three sixty-second trials. Scoring consists of recording all responses verbatim during
each fifteen-second interval; three variables are computed: correct responses, set-loss errors and
repetition errors. The total raw score is the sum of the total correct responses across all three
trials. The second condition, Category Fluency, the examinee names as many animals (and boys
names for second trial) as s/he can over two sixty-second trials. Scoring is identical to Letter
Fluency. The third and final condition is Category Switching, in which the examinee is asked to
name as many words as they are able within a sixty-second time limit, switching between two
different semantic categories. Again, all responses are recorded verbatim; the variables
computed are number of accurate switches, number of correct responses for each category, and
set-loss errors. The total raw score is the sum of the correct responses for both categories.
The Color-Word Interference Test consists of four conditions that combined, can take up
to 8 minutes to administer. This test is a Stroop-like task measuring an examinee’s ability to
inhibit an over learned verbal response. Using a split-half correlation, internal consistency
across the 12 year, 0 month to 19 year, 11 month age groups ranges from .62 to .75 for the
Combined Color Naming + Word Reading Composite Score (Delis et al., 2001) and test-retest
reliability range from .79 to .90 over the four conditions.
Condition 1 measures an examinee’s basic color naming ability. The examinee is shown
a stimulus page with patches of red, green and blue colors. S/he is asked to say the colors as
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quickly as s/he can, without making any mistakes or skipping any items. The examinee is given
up to 90 seconds to complete this task. Condition 2 is a word-reading task where the examinee is
asked to read words (red, blue, green) printed in black ink as quickly as possible, again without
making any mistakes or skipping any. As in Condition 1, the examinee has up to 90 seconds to
complete this task. Condition 3 measures an examinee’s ability to inhibit an over learned verbal
response. A page, in which the words red, blue and green are printed in dissonant ink, is
presented to the examinee. S/he is then instructed to name the color of ink that the letters are
printed in, and not read the word. The examinee is given up to 180 seconds to complete this
task. As in the prior conditions, the examinee is told to work as quickly as s/he can without
making any mistakes or skipping any items. Condition 4 contains an inhibition task as in
Condition 3, but adds a switching component by requiring the examinee to do as before and
name the color of ink a word in printed in without reading the word, unless the word is contained
in a little box. In this case, s/he is asked to read the word and not name the ink color. Therefore,
the examinee is required to switch randomly between naming the discrepant ink color and
reading the color word. The examinee is given up to 180 seconds to complete this task.
Conditions 1-4 were scored by recording in seconds, the total completion time, number of errors
and number of self-corrected errors.
Procedure
The George Fox University Internal Review Board approved this study before data
collection began. The principal investigator (PI) was the examiner. The PI has an MA in
clinical psychology, and completed an additional two years of study in a doctoral program in
clinical psychology with training in intellectual and neuropsychological assessment. Each
testing session occurred in a quiet and private area free from distractions and followed
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standardized testing procedures. Testing locations included Evergreen Hospital in Kirkland,
Washington; George Fox University (Newberg, Portland and Salem campuses), Mission
Children’s Hospital in Asheville, North Carolina, as well as a private room in a public library
and two churches located in Washington and North Carolina.
The parent/guardian were sent the consent/assent forms and required to agree to the terms
prior to testing. Once eligibility was determined through completion of the telephone screening
form (and, if not previously diagnosed, review of official records indicating prenatal alcohol
exposure), a testing appointment was scheduled. Further, the parent/guardian was asked to
provide their teen with a healthy (identified as low refined sugar content) snack and a water
bottle during the testing period. Prior to the start of testing, the consent and assent forms were
again reviewed with the parent and youth, after which the parent/guardian completed the BRIEFP in a separate area while their child completed the testing battery with the principal investigator,
which lasted four to six hours, including two ten-minute breaks. The parent/guardian had the
choice of waiting in a separate room during testing, or leaving and returning just prior to the
session ending, as long as the youth gave their consent for their parent/guardian to leave.
Each participant was administered all of the measures, with the exception of four
participants who were not able to complete several subtests. Two participants became agitated
and increasingly distractible as the testing session wore on and were not able to complete two
subtests of executive functioning. Two different participants did not complete the BRIEF-SR
due to reading comprehension levels below the required 5th grade level. Two participants had
previously completed the WCST in the last year, and due to practice effects, and were not
administered it again. The participant’s previous scores were obtained and subsequently found
invalid due to incorrect administration, in essence spoiling the test. Order of test administration
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included five different orders (see Table 8), to minimize possible confounds introduced by test
order. In compliance with HIPPA, and APA ethical standards, all testing protocols and
demographic data were stored in a confidential, locked filing cabinet to which only the principal
author had access. Each participant was assigned a number that allowed data to be inputted and
maintained confidentially.

Table 8
Test Order
Protocol Order
Measure

1

2

3

4

5

WISC-IV

WRAML2

D-KEFS

BRIEF-SR

WCST-CV4

WRAML2

D-KEFS

BRIEF-SR

WCST-CV4

WISC-IV

D-KEFS

BRIEF-SR

WCST-CV4

WISC-IV

WRAML2

BRIEF-SR

WCST-CV4

WISC-IV

WRAML2

D-KEFS

WCST-CV4

WISC-IV

WRAML2

D-KEFS

BRIEF-SR

Note. WISC-IV = Wechsler Intelligence Scale for Children-Fourth Edition; WRAML2 =
Wide Range Assessment of Memory and Learning, Second Edition; D-KEFS = Delis
Kaplan Executive Functioning System; BRIEF-SR = Behavioral Rating of Executive
Functioning, Self-Report; WCST-CV4 = Wisconsin Card Sorting Test, Computer
Version, Fourth Edition.
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At the conclusion of test administration, each participant was thanked and given her/his
gift card as well as contact information for the principal investigator should s/he have any
subsequent questions. Participants were asked to keep testing content private from their family
and friends. Those parent/guardians that were interested in receiving aggregate results of the
study provided their mailing address, which remained confidential and separate from the testing
protocols. No identifying information appeared on the testing protocols; a client number was
assigned and only that number was used for coding and statistical purposes.
An additional benefit provided to the participants is the option of release of the copies of
score reports to a licensed psychologist of their choice, provided signing a HIPPA compliant
written consent authorizing release of the scores. Families interested in this option obtained the
written consent from their licensed psychologist directly. After the author of this study obtained
the signed consent, copies of the score reports and the signed consent were sent directly to the
licensed psychologist. No interpretations of any of the measures were provided to families or
professionals at any time during this study.
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Chapter 3
Results

Overview
All analyses were conducted with the Statistical Package for the Social Sciences (IBMSPSS; version 20.0). Significance was determined if at least the .05 level of confidence was
obtained. Preliminary assumption testing was conducted to check for normality, linearity,
outliers, homogeneity of variances and multicollinearity; unless otherwise noted, assumptions of
analyses were met, or violations were minor and unlikely to impact the results.
This Results section is organized by each domain assessed: intelligence, memory and
executive functioning. For each test within each domain, descriptive statistics are reported and
sample means were compared with the population means to see if there were any significant
differences. Additionally, performance on each test was examined to determine if there were
intra-test differences between indices and subtests. Then analyses related to each hypothesis are
presented. Finally, supplemental analyses are included, and were conducted to determine if there
were differences in means based upon age and gender.
Intelligence
Table 9 presents WISC-IV index and subtest means and standard deviations for youth
with PAE; skewness and normality statistics are also included. As shown, the Perceptual
Reasoning and General Ability Indices and the Comprehension Subtest lacked normal
distribution as assessed by Shapiro-Wilks test (p < .05). Distributions for the indices are shown
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in Figure 1. Given that Hypothesis 1 and 2, respectively, predicted that youth with PAE would
achieve lower FSIQ and GAI scores than the WISC-IV standardization sample’s mean of 100,
these composite analyses are presented before the index and subtest comparisons to the
population means. A one-sample t-tests confirmed that the FSIQ (M = 79.5) was significantly
lower than the population mean (t(27) = -7.25, p = .001, d = -1.36); this was also true for the GAI
(M = 86.3) (t(27) = -4.35, p = .001, d = -0.86).
Two one-sample t-tests were performed to determine if the four main index and subtest
scores on the WISC-IV were significantly different from their respective normative means. To
correct for the increased likelihood of committing a type I error when conducting multiple t-tests,
the p value was set to .01. Results can be found in Table 10. All indices and 11 of the 12
subtests were significantly lower than the standardization sample’s respective means of 100 and
10, with moderate to large effect sizes (Leong & Austin, 2005) evident, particularly on the WMI
and PSI subtests. The Picture Concepts subtest from the PRI was the only subtest that was not
significantly different than the normative mean of 10. Figure 2 shows the performance of this
sample relative to the normative mean of 100. With the one exception just noted, youth with
PAE performed significantly lower on each WISC-IV Index and subtest when compared to the
normative sample.
Hypothesis 3 and 4 predicted that the mean scores of the WMI and the PSI of the WISCIV would be significantly lower than both the VCI and PRI. Given the lack of normal
distribution of the PRI data, a Friedman’s test was utilized and revealed a significant difference
between the indices (x2(3) = 17.28, p = .001). Because significance was found on this more
conservative test, and generally, analysis of variance (ANOVA) is robust to minor deviations
from normality, the more powerful parametric test was also utilized to examine index
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differences. A repeated measures analysis comparing the four WISC-IV Index scores revealed a
significant difference between indices (F(3, 81) = 8.18, p < .001, partial η2 = 0.23). Subsequent
post-hoc analysis with a Bonferroni correction indicated that the WMI was significantly lower
than both the VCI (mean difference = -8.32 (95% CI, [-16.29 to -.34], p = .037)) and the PRI
(mean difference = -12.10 (95% CI, [-19.80 to -4.41], p =.001)). The PSI was significantly
lower than the PRI (mean difference = - 10.35 (95% CI, [-17.97 to -2.74], p = .004)), but not the
VCI. There were no significant differences between the mean scores of the VCI and the PRI or
the WMI and the PSI. Therefore, as predicted, youth with PAE performed lower on tasks
requiring short-term rote memory, compared to tasks involving verbal and visual reasoning; their
performance on processing speed tasks that include a graphomotor component, were lower than
on visual reasoning tasks.
A related question of interest was if the GAI would be significantly higher than the FSIQ in
this sample. The GAI is comprised of the VCI and the PRI; the FSIQ includes all four WISC-IV
indices. Given that the WMI was significantly lower than both the VCI and PRI, and the PSI
lower than the PRI, it would logically follow that the GAI would be greater than the FSIQ in this
sample. Due to the non-independent relationship between the GAI and FSIQ, a traditional
paired-samples t-test was contra-indicated as it biases the results towards zero, increasing the
likelihood of committing a type II error. However, in this case, utilizing a robust repeated
measures analysis already established significant differences between the scales that comprise
the GAI with those of the FSIQ. With this caveat, a paired-samples t-test compared the mean
difference between the GAI and the FSIQ, and the results were significant (t(27) = 5.94, p =
.001), with the GAI being greater, as expected.
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To explore potential significant differences between subtests, a repeated measures
analysis was utilized and did in fact find differences between subtests (F(11, 287) = 6.35, p <
.001, partial η2 = 0.19). Results from a pairwise comparison with a Bonferroni correction
revealed the Picture Concepts (PC) subtest to be significantly greater than Comprehension, Digit
Span, Letter-Number Sequencing, Arithmetic and the Coding subtest, with the largest significant
difference between PC and Coding (mean difference = 3.714, (95% CI, [0.729 to 6.70], p =
.004)). Otherwise, performance across the remaining ten subtests was found equivalent. These
results suggest that abstract categorical reasoning ability (with low verbal demands), as measured
by the PC, is relatively intact in this sample of youth with PAE.
To examine potential age and gender effects, WISC-IV indices and subtests were each
analyzed using a repeated measures analaysis with gender (female or male) as the bewteeen
subjects factor, the WIC-IV indices or subtests as the within-subjects vairables, and age as a
covariate. There was a significant main effect for age using on indices (F (1, 25) = 8.06, p =
.009, partial η2 =.24), but not for gender. There was however, a significant interaction between
gender and index (F (1, 25) = 5.14, p = .003, partial η2 = .18), indicating that males and females
do perform differently on some indices. Figure 3 shows the gender differences across the WISCIV Indices. As observed in the figure, a fairly similar pattern of performance across the indices
is noted for both genders, with the exception of diverging scores on the PSI, on which females
scored significantly higher than males (t(26) = 2.80, p = .009, mean difference =15.28, 95% CI,
[4.08 to 26.48]).
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Table 9
Performance of Youth with PAE on the WISC-IV
Index and Subtest

Meana (SD)

Skew

Kurtosis

Normalityb

Full Scale IQ

79.46 (14.98)

-.34

1.60

.19

General Ability

86.28 (16.66)

-1.03

2.17

.01

Verbal Comprehension

85.57 (14.91)

-.50

.03

.50

Similarities

8.10 (2.58)

.06

-.62

.28

Vocabulary

7.67 (3.18)

-.40

-.48

.25

Comprehension

6.82 (2.61)

-.08

.50

.04

(Information)

7.32 (3.22)

.16

.23

.72

89.35 (15.14)

-.73

2.15

.03

Block Design

7.64 (2.89)

.03

.99

.42

Picture Concepts

9.25 (3.41)

-.54

.24

.36

Matrix Reasoning

7.85 (2.87)

-.62

1.04

.05

77.25 (14.56)

-.15

-.49

.43

Perceptual Reasoning

Working Memory
Digit Span
Forward
Backward
Letter-Number Sequencing

6.03
6.71
7.07
6.10

(2.74)
(2.85)
(2.62)
(3.22)

.73
.61
.44
-.23

1.42
-.06
-.48
-.91

.30
.06
.23
.09

(Arithmetic)

6.64 (2.88)

.49

-.33

.28

Processing Speed

79.00 (16.14)

.23

.13

.91

Coding

5.53 (3.27)

.14

-.98

.12

Symbol Search

6.85 (3.09)

.03

-.01

.81

Note. PAE = Prenatal Alcohol Exposure; WISC-IV = Wechsler Intelligence Scale for Children,
Fourth Edition.
a
N = 28. bShapiro-Wilks statistics reported.
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Figure 1. Distribution frequencies of the sample of youth with PAE on the six Indices
of the Wechsler Intelligence Scale for Children, Fourth Edition.
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Table 10
Values of t-tests, effect size and confidence intervals of youth with PAE on the
WISC-IV Indices and Subtests, Compared to the Normative Meana

Index and Subtest

Mean (SD)

t(27)b

d

Verbal Comprehension

85.57 (14.91)

-5.11

-0.96

[-22.23, -6.61]

Similarities

8.10 (2.58)

-3.87

-0.80

[-3.24, -0.53]

Vocabulary

7.67 (3.18)

-3.85

-0.75

[-3.98, -0.65]

Comprehension

6.82 (2.61)

-6.44

-1.13

[-4.54, -1.81]

(Information)

7.32 (3.22)

-4.40

-0.86

[-4.36, -0.99]

89.35 (15.14)
7.64 (2.89)

-3.71
-4.30

-0.70
-0.80

[-18.57, -2.71]
[-3.87, -0.84]

Picture Concepts

9.25 (3.41)

-1.16c

ns

[-2.53, 1.03]

Matrix Reason

7.85 (2.87)

-3.94

-0.73

[-3.64, -0.63]

Working Memory

77.25 (14.56)

-8.26

-1.53

[-30.37,-15.12]

Digit Span

6.03 (2.74)

-7.65

-1.38

[-5.39, -2.52]

LNS

6.10 (3.22)

-6.38

-1.25

[-5.58, -2.20]

(Arithmetic)

6.64 (2.88)

-6.16

-1.14

[-4.86, -1.84]

Processing Speed

79.00 (16.14)

-6.88

-1.34

[-29.45,-12.54]

Coding

5.53

(3.27)

-7.22

-1.42

[-6.17, -2.75]

Symbol Search

6.85

(3.09)

-5.36

-1.03

[-4.76, -1.51]

Perceptual Reasoning
Block Design

99% CI

Note. PAE = Prenatal Alcohol Exposure; WISC-IV = Wechsler Intelligence Scale for
Children, Fourth Edition; CI = confidence interval; LNS = Letter Number Sequencing.
a
Normative mean of Index Scores = 100; subtests = 10. bp < .001 (two-tailed) cp =
.256 (two-tailed).
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Figure 2. Mean index and subtest scores from youth with PAE on the Wechsler Intelligence
Scale for Children, Fourth Edition.
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At the subtest level, using a similar repeated measures ANOVA, again a significant
overall main effect for age was found (F (1, 25) = 9.82, p = .004, partial η2 = .28), with the older
group performing at lower levels than younger. There was again a significant interaction
between gender and subtest (F(11,275) = 3.52, p < .001, η2 = .124), with the females
outperforming males on both the Coding and Symbol Search subtests with mean differences of
3.29 and 2.21 scaled score points, respectively.
The unexpected and significant main effect of age on the WISC-IV indices and subtests
warranted further analysis. Figure 4 shows a frequency diagram of the ages represented in this
sample. Given that a Pearson correlation assumes normal distribution and can be significantly
impacted by smaller sample sizes and outliers (Nolan & Heinzen, 2007), a Spearman correlation
was chosen, and the results appear in Table 11. A moderately strong negative relationship was
found between age and the VCI and with the PSI, The correlation approached significance for
PRI rs(24) = -.366, p = .055 (two-tailed) but was not significant for WMI.
Analyzing the relationship between age and subtests revealed significantly negative
correlations for seven of the twelve subtests. As noted in Table 11, the strongest correlations
appeared with the Verbal Comprehension subtests (including Information), and the lowest
correlation found with the Matrix Reasoning subtest. The Arithmetic subtest, an optional
Working Memory measure (therefore, not included in the Age-Index correlation), showed
a significant and moderate negative relationship with age. Figure 5 displays for three age
divisions the mean subtest scores having the strongest correlations with age. These results are
for descriptive purposes only, due to the small sample size each age band represents.
Nevertheless, the trend is clear: as participant age increases, subtest performance decreases.
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Figure 3. Gender differences across the WISC-IV Indices (n = 28; 14 females).
Standard scores are estimated marginal means with age as a covariate (15.11 years).
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Overall, it appears that in this sample of youth with PAE, the younger participants
achieved higher mean scores than the older participants on all of the WISC-IV Indices, with age
decline most strongly correlated with measures of verbal reasoning and concept formation. The
declines and correlations found are related to this sample’s performance, and not a phenomenon
related generally to age and WISC-IV standardization scores, given that raw scores are adjusted
for age when converted to scaled and standard scores.
The perils of dichotomizing continuous data are well established (particularly in smaller
sample sizes, as is present in this study) due to decreased power, loss of information about
individual differences, loss of effect size, and decreased opportunity to identify nonlinear
relationships (MacCallum, Zhang, Preacher, & Rucker, 2002). For this sample, a significant
relationship between age and index/subtest was established with the Spearman correlation. With
the above caveats in mind, this present sample was coded into one of two age groups based upon
a median split due to skewed nature of sample (Younger = between 12.00 and 15.57 years of
age; Older = between 15.58 and 16.91 years of age) The assumption of normality was violated
within the younger group (Shapiro-Wilks p = .016), therefore a Man-Whitney test was first
conducted and a significant difference was found between the young and old groups on FSIQ, (U
= 36.50, z = -2.81, p = .005); an independent t-test was conducted as a follow-up analysis.
Levene’s Test of Equality of Variances indicated homogeneity of variances for FSIQ scores (p =
.335). There was a significant difference between the two scores, with the younger group
scoring 15.13 index points greater than the older group (t (26) = 3.07, p = .005, d = 1.17).
Again, given that significance was demonstrated through a nonparametric analysis, repeated
measures analysis was chosen to examine the effect of age group on the index scores.
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Figure 4. Histogram of participants’ age. M = 15.11, SD = 1.50 (years).
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Table 11
Spearman Correlations between Age and WISC-IV Indices and Subtests
WISC-IV Index and Subtest
Verbal Comprehension

rs
-.570**

WISC-IV Index and Subtest
Perceptual Reasoning

rs
-.366

Similarities

-.489**

Block Design

-.361

Vocabulary

-.572**

Matrix Reasoning

-.097

Comprehension

-.585**

Picture Concepts

-.403*

(Information)

-.581**

Working Memory

-.195

Processing Speed

-.419*

Digit Span

-.340

Coding

-.319

Letter-Number Sequencing

-.109

Symbol Search

-.444*

(Arithmetic)

-.398*

Note. WISC-IV = Wechsler Intelligence Scale for Children, Fourth Edition.
* p < .05 (two-tailed). ** p < .01 (two-tailed).
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Similarities
Vocabulary
Information
Comprehension
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Scaled Score

56
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Figure 5. Age subgroup trends in WISC-IV subtest performance most strongly correlated with
age. 12-13 year old group n = 7; 14-15 year old group n = 11; 16 year old group n = 10.
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There was a significant main effect for age group (F(1,26) = 10.28, p = .004, partial η2 = .283),
but no interaction. A pairwise comparison revealed that the younger group scored significantly
different and greater than the older group on all indices.
A similar result was found at the subtest level, with a significant main effect for age
group (F(1,26) = 10.77, p = .003, partial η2 = .292), and no interaction effect. Table 12 lists the
means and standard deviations based upon age group. Figure 6 shows the differences on the
WISC-IV Indices between the younger and older subgroups, highlighting that the younger
participants (ages 12-15.57 years of age) achieved greater index and subtest means than the older
group on the WISC-IV. Given the small sample size and unequal age groups, this finding may
be a sampling artifact.
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Table 12
Performance on WISC-IV Index and Subtest Scores by Age Subgroups
Younger (n=13)
(12.00-15.57 years)
Index and Subtest
Verbal Comprehension

M

(SD)

92.84 (10.90)

Older (n=15)
(15.58-16.99 years)
M

(SD)

79.26 (15.34)

Similarities

9.30

(2.46)

7.06

(2.28)

Vocabulary

9.07

(2.25)

6.46

(3.44)

Comprehension

7.92

(2.10)

5.86

(2.69)

(Information)

9.00

(2.97)

5.86

(2.74)

Perceptual Reasoning

95.61

(9.96)

Block Design

8.69

(2.62)

6.73

(2.89)

Picture Concepts

10.76

(2.35)

7.93

(3.71)

Matrix Reasoning

8.30

(2.01)

7.46

(3.48)

Working Memory
Digit Span

83.46 (15.03)

83.93 (17.00)

71.86 (12.19)

7.30

(3.27)

4.93

(1.57)

Forward

7.76

(3.53)

5.80

(1.74)

Backward

8.23

(3.03)

6.06

(3.06)

Letter-Number Sequencing

7.00

(3.41)

5.33

(2.94)

(Arithmetic)

8.07

(2.92)

5.40

(2.26)

Processing Speed

86.69 (10.43)

72.33 (17.52)

Coding

7.00

(2.44)

4.26

(3.43)

Symbol Search

8.30

(1.79)

5.60

(3.48)

Full Scale IQ

87.61 (10.90)

72.40 (14.69)

General Ability Index

94.30 (10.41)

79.33 (18.19)

Note. WISC-IV = Wechsler Intelligence Scale for Children, Fourth Edition.
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Figure 6. Means of WISC-IV Indices for two age groups based upon median age split.
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Memory
Descriptive statistics for the WRAML2 Indices and Subtests are presented in Table 13
and frequency distributions of the index scores are displayed in Figure 7. All of the index and
subtest scores were normally distributed, as assessed by Shapiro-Wilks (p >.05). One-sample ttests were conducted to compare the mean index and subtest scores in this sample of youth with
PAE with the population means of 100 and 10, respectively, and are presented in Table 14.
Again to correct for increased likelihood of committing a Type I error in employing multiple ttests, the p value was set to .01. As noted in Table 14, the Verbal, Visual,
Attention/Concentration, and Working Memory Indices were each significantly different than the
population mean of 100. Figure 8 displays the performance of youth with PAE on the
WRAML2 indices and subtests compared to the normative mean.
A repeated measures analysis of variance revealed significant differences between the
WRAML2 Index scores. Since sphericity was violated a Greenhouse-Geisser correction was
applied (F(1.953, 52.743) = 5.98 , p = .005, partial η2 = 0.18). In a post-hoc analyses with a
Bonferroni correction, the Verbal Memory Index had the highest mean (92.40) and was
significantly greater than the Visual Memory, Attention/Concentration and Working Memory
Indices, which themselves did not differ from one another.
A second repeated measures analysis was performed at the subtest level. Sphericity was
violated, so a Greenhouse-Geisser correction was applied, and significant subtest differences
(F(4.809, 216) = 5.84 , p < .001, partial η2 = 0.17) were found between 8 of the 9 WRAML2
Subtests (utilizing pairwise comparisons again with a Bonferroni correction). The highest mean
difference was between the Verbal Learning and Design Memory Subtests (mean difference =
2.75, (95% CI, [-4.29 to -1.21], p < .001)). The Design Memory, Finger Windows, Number-
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Letter and Symbolic Working Memory Subtests had the lowest means, each of which was more
than a standard deviation below average. Overall, these results indicate that rote auditory and
rote visual sequential, immediate memory tasks were more challenging for this group than
measures tapping into more meaningful and less sequential verbal and visual immediate memory
(Adams & Reynolds, 2009).
Hypothesis 5 predicted that the mean General Memory Index (GMI) of the WRAML2
would be lower than the mean FSIQ of the WISC-IV. A paired samples t-test revealed the 2.7
point difference between the FSIQ and GMI means (t(27) = -2.71, p =.09) was not significant.
The correlation between the FSIQ and the GMI was .84, a value that was significant at the p <
.001 level (two-tailed). Therefore, in this sample of youth with PAE their mean composite IQ
score was similar to their mean composite memory score, and overall memory abilities are
highly correlated with intellectual abilities.
Given the earlier findings that the GAI was significantly greater than the FSIQ, a separate
analysis was conducted to determine if the 4.1 point difference between the GMI and the GAI
was significantly different. Contrary to what was anticipated, the difference just missed
achieving the traditional .05 level of significance (t(27) = 4.10, p = .054). The correlation
between GMI and GAI scores was .765, a value significant at the p < .001(two-tailed) level. The
tendency for the GAI to be higher than the GMI is likely due to the removal of working memory
and processing speed from the comparison between intelligence and memory. Of interest, the
correlation reported in the WRAML2 Manual between the WISC-III FSIQ and the GMI is .44; a
small (N=29) non-clinical sample (M=11.2 years of age) was used to derive this r-value.
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Table 13
Performance by Adolescents with PAE on the WRAML2
Index and Subtest

Meana (SD)

Skew

Kurtosis

Normalityb

92.42 (12.56)

-.439

-.062

.453

Story Memory

8.39 (2.98)

-.519

-.226

.311

Verbal Learning

9.03 (2.75)

-.109

.466

.614

85.21 (14.98)

.276

-.201

.953

Design Memory

6.28 (2.50)

-.274

-.263

.600

Picture Memory

8.82 (3.23)

.272

-.736

.296

Attention/Concentration

81.28 (15.79)

.117

-.631

.757

Finger Windows

6.71 (3.24)

.220

-.317

.475

Number-Letter

6.75 (3.15)

.741

.655

.224

General Memory Index

82.17 (13.46)

.075

-.169

.987

Working Memory Index

85.35 (13.76)

-.698

-.028

.053

Verbal Working Memory

7.85 (3.14)

-.549

-.472

.121

Symbolic Working Memory

6.78 (2.52)

-.598

.668

.118

Sentence Memory

8.46 (3.03)

.298

-.316

.058

Story Recall

8.82 (2.98)

-.716

.398

.107

Verbal Learning Recall

9.00 (2.10)

.562

.458

.159

94.39 (13.72)

.015

-.503

.476

Story Recognition

9.32 (3.04)

-.508

.645

.427

Verbal Learning Recognition

8.92 (2.49)

.242

-1.069

.046

86.64 (12.40)

-.537

.118

.553

Design Recognition

8.00 (2.43)

.348

1.415

.085

Picture Memory Recognition

7.89 (2.40)

-.344

.030

.243

89.10 (12.97)

-.492

-.198

.298

Verbal

Visual

Verbal Recognition

Visual Recognition

General Recognition

Note. PAE = Prenatal Alcohol Exposure; WRAML2 = Wide Range Assessment of Memory and
Learning, Second Edition.
a
n = 28. bShapiro-Wilks statistics reported.

Neurocognitive Performance in Youth with PAE

Figure 7. Distribution frequencies of index scores obtained by youth with PAE on the Wide
Range Assessment of Memory and Learning, Second Edition.
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Table 14
T-tests, effect size and confidence intervals of youth with PAE on the WRAML2 Index and
Subtests Compared to the Normative Meana
Index and Subtests

Mean (SD)

t(27)

d

99% CI

Verbal Memory Index
Story Memory
Verbal Learning

92.42 (12.56)
8.39 (2.98)
9.03 (2.75)

-3.18**
-2.84**
-1.85

-0.54
-0.53
ns

[-14.15, -0.99]
[-3.17, -0.04]
[-2.40, 0.47]

Visual Memory Index

85.21 (14.98)

-5.21**

-0.98

[-22.63, -6.93]

**

Design Memory

6.28

(2.50)

-7.83

-1.34

[-5.02, -2.40]

Picture Memory

8.82

(3.23)

-1.92

ns

[-2.87, 0.51]

-6.26**

-1.21

[-26.98,-10.44]

(3.24)
(3.15)

-5.36**
-5.44**

-1.05
-1.05

[-4.98, -1.58]
[-4.90, -1.59]

General Memory Index

82.17 (13.46)

-7.00**

-1.25

[-24.87,-10.76]

Working Memory Index

85.35 (13.76)

-5.62**

-1.01

[-21.85, -7.43]

Attention/Concentration Index
Finger Windows
Number-Letter

81.28 (15.79)
6.71
6.75

Verbal Working Memory

7.85

(3.14)

-3.60**

-0.70

[-3.79, -0.49]

Symbolic Working Memory

6.78

(2.52)

-6.72**

-1.16

[-4.53, -1.89]

8.46

(3.03)

-2.67

ns

[-3.12, 0.05]

-5.69**

-0.97

[-19.85, -6.86]

Sentence Memory
Visual Recognition Indexb

86.64 (12.40)

Design Recognition

8.00

(2.43)

-4.34**

-0.73

[-3.27, -0.72]

Picture Memory Recognition

7.89

(2.40)

-4.62**

-0.77

[-3.36, -0.84]

89.10 (12.97)

-4.44**

-0.77

[-17.68, -4.10]

General Recognition Index

Note. PAE = Prenatal Alcohol Exposure; WRAML2 = Wide Range Assessment of Memory
and Learning, Second Edition; CI = confidence interval.
a
Normative mean for Index Scores = 100 and for Subtests = 10. bVerbal Recall Subtests did
not achieve significance.
*
p < .01(two-tailed). **p <.001 (two-tailed).
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Index

Subtest
Figure 8. Mean index and subtest scores from youth with PAE on the Wide Range Assessment
of Memory and Learning, Second Edition.
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To determine if there were gender and age effects on the index and subtests scores, an
additional repeated measures analysis was conducted with gender (female or male) as the
between-subjects factor and age as a covariate. For the indices, there was a significant main
effect for age (F (1,25) = 4.71, p = .04, partial η2 = .15); the same was found true for subtests
(F(1,25) = 6.04, p = .02, partial η2 = .19). No main gender effect or age x gender interaction was
found for indices or subtests. Figure 9 shows the Verbal, Visual, Attention/Concentration and
Working Memory Index scores for females and males. For both genders, the same pattern of
performance is noted across the indices, with the highest score achieved on the Verbal Memory
Index. The largest index difference score occurred with the Visual Memory Index, on which
females outperformed males by 7 points.
Given that age was a significant covariate, Spearman correlations were computed
between age and the WRAML2 Index and Subtest scores to further understand the relationship
between age and memory performance; the results are presented in Table 15. Age was found
significantly correlated with Verbal Memory, Visual Memory, and Working Memory, but not
with the Attention and Concentration Index. As shown in Table 15, significant correlations at
the subtest level ranged from moderate to large for subtests with a verbal component, namely the
Verbal Learning, Verbal Working Memory, and Sentence Memory. Further, Verbal Learning
and Sentence Memory were the two WRAML2 subtests most highly correlated with age.
To further understand the relationship between age and memory in youth with PAE,
participants’ ages were coded into younger and older subgroups utilizing a median split (due to
skewed nature of sample). A repeated measures analysis revealed no overall main effect for age
group (F(1,26) = 4.16, p = .052), but did reveal a significant Index x Age Group interaction
(Green-house Geisser Correction; F(1.994, 78) = 3.699, p = 0.32, partial η2 = .125). Follow up
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independent samples t-tests revealed the younger group’s mean scores on the Verbal Memory
and Visual Memory Indices were significantly greater than the older group’s mean. There was
no significant difference for the Attention and Concentration Index, and significance was just
missed between the age groups on the WMI (p = .052). Table 16 lists the means and standard
deviations of the index and subtests scores for each age group and Figure 11 shows the index
differences between the groups.
At the subtest level, there was a main effect for age group (F (1, 26) = 5.028, p = .03,
partial η2 = .162) and an interaction between age group and subtest (Greenhouse-Geisser
Correction, F(4.581, 208) = 3.315, p = .01, partial η2 = .113). Post-hoc analysis revealed the
younger group scored significantly higher on Design Memory, Verbal Learning, Verbal Working
Memory, and Sentence Memory Subtests.
These findings resemble the age findings on the WISC-IV; that is, both verbal reasoning
and verbal memory abilities were among the most highly correlated with age, and more
developed in the younger youth compared to the older, whose scores were largely in the
borderline range of abilities. Given the small sample size and unequal age groups, this finding
may be a sampling artifact.
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Figure 9. Gender differences across the WRAML2 Indices (n =14 females, 14 males).
Standard scores are estimated marginal means with age as a covariate (15.11 years).
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Table 15
Correlations between Age and WRAML2 Indices and Subtests
Index and Subtest Scores

Age

Index and Subtest Scores

Age

Verbal Memory Index

-.553**

Sentence Memory

-.634**

Story Memory

-.241

Story Recall

-.349††

Verbal Learning

-.634**

Verbal Learning Recall

-.209

-.398*

Verbal Recognition

-.186

Visual Memory Index
Design Memory

-.347†

Story Recognition

-.129

Picture Memory

-.313

Verbal Learning Recognition

-.168

Attention/Concentration Index

-.006

Visual Recognition

-.022

Finger Windows

.156

Design Recognition

-.126

Number-Letter

-.178

Picture Memory Recognition

.002

General Memory Index

-.351

Working Memory Index

-.425*

Verbal Working

-.495**

Symbolic Working

-.253

General Recognition

-.108

Note. WRAML2 = Wide Range Assessment of Memory and Learning, Second Edition.
*
p <0.05 (two-tailed). ** p < 0.01 (two-tailed). † p = 0.071 (two-tailed). †† p = 0.069 (twotailed).
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WRAML2 Index

Standard Score

100

Verbal
Visual
Working

85

70

55
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Verbal Learning
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4
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Figure 10. Age differences on the Indices and Subtests from the Wide Range Assessment of
Memory and Learning, Second Edition that most strongly correlated with age. 12-13 year-old
group, n = 7; 14-15 year-old group, n = 11; 16 year- old group, n = 10.
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Table 16
Mean WRAML2 Index and Subtest Scores and Standard Deviations by Age Subgroups

Index and Subtest

Younger (n=13)
(12.00 - 15.57 years)
M
(SD)

Older (n=15)
(15.58-16.99 years)
M
(SD)

Verbal Memory Index
Story Memory
Verbal Learning

98.61
8.76
10.84

(9.30)
(2.80)
(2.03)

87.06 (12.80)
8.06 (3.19)
7.46 (2.32)

Visual Memory Index
Design Memory
Picture Memory

92.61 (15.71)
7.53 (2.18)
10.00 (3.69)

78.80 (11.25)
5.20 (2.30)
7.80 (2.45)

Attention/Concentration Index

80.30 (15.54)

82.13 (16.51)

Finger Windows
Number-Letter

6.00
6.92

(2.58)
(3.17)

7.33
6.60

(3.69)
(3.24)

General Memory Index

87.07 (12.81)

77.93 (12.94)

Working Memory Index

90.61 (10.29)

80.80 (15.05)

Verbal Working Memory
Symbolic Working Memory
Sentence Memory
Story Recall
Verbal Learning Recall

9.30
7.38

(2.59)
(1.66)

6.60
6.26

(3.11)
(3.05)

10.07
9.69

(2.46)
(2.32)

7.06
8.06

(2.84)
(3.34)

9.84

(2.03)

8.26

(1.94)

Verbal Recognition Index
Story Recognition
Verbal Learning Recognition

97.38 (11.97)
9.84 (2.91)
9.46 (2.25)

91.80 (14.98)
8.86 (3.18)
8.46 (2.66)

Visual Recognition Index

88.69

(9.26)

84.86 (14.68)

8.23
8.30

(1.53)
(2.52)

92.08

(9.48)

Design Recognition
Picture Memory Recognition
General Recognition Index

7.80
7.53

(3.05)
(2.32)

86.53 (15.23)

Note. WRAML2 = Wide Range Assessment of Memory and Learning, Second Edition.
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Figure 11. Performance by Age Group on the Index scores from the Wide Range Assessment of
Memory and Learning, Second Edition.
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Executive Functioning and PAE
D-KEFS. Means, standard deviation and normality statistics are summarized in Table
17. A one-sample t-test was employed to determine if this sample’s mean was significantly
different than the population mean of 10. As shown in Table 18, on eight of the 13 D-KEFS
subtests, performance was significantly below the population mean, and six of those eight
subtests would be categorized as falling within the “low-average” range. Those subtests which
had the lowest means were those that tapped inhibition and/or switching skills (cognitive
flexibility) such as Number-Letter Switching on the Trails, and Inhibition and
Inhibition/Switching of Color Word Interference. Additionally, the sample performed
comparably to the population mean on a measure of graphomotor speed (D-KEFS Motor Speed).
Figure 12 highlights the performance on the subtests compared to the normative mean.
To explore differences between subtest performance, a repeated measures analysis of
variance (with a Green-House Geisser Correction) was employed and revealed a significant
subtest effect (F(6.1888, 312) = 4.236, p < .001, partial η2 = .140). Follow-up post-hoc analysis
utilizing a Bonferroni correction indicated that Trails 5 was significantly greater than LetterFluency, and the Word-Reading and Inhibition Subtests from the Color-Word Interference Test.
To examine potential age and gender effects, D-KEFS Subtests were analyzed in a
repeated measures design with gender (female or male) as the between-subjects factor, the
subtests as the within-subjects variables, and age as a covariate. There was a significant main
effect for age (F (1, 24) = 7.02, p = .014, partial η2 = .226), but not for gender, and there was no
interaction of age or gender on index. Figure 13 shows the D-KEFS performance for males and
females.
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To further explore the age effect, a Spearman correlation was employed and found
significant correlations on the Trails Subtests 2 through 5, and Category Switching Correct
Responses and Switching Accuracy. Table 19 lists the correlations between age and subtests. It
is interesting to note that the highest correlations were among the subtests of Verbal Fluency,
Category Switching Accuracy and Correct Response, again noting that not only is age is
correlated with verbal comprehension and memory, but age is also correlated with verbal
measures of cognitive flexibility. Figure 14 shows the performance on these subtests by age
group, and while presented mainly for descriptive purposes, does highlight the trend of
decreasing performance on measures of verbal cognitive flexibility as age increases.
Because a significant correlation was found between age and D-KEFS performance, an
additional repeated measures analysis was employed with the subtests as the within-subjects
factor, and Age Group (Younger and Older) as the between subjects factor. Again, there was a
significant main effect for Age (F(1,25) = 6.092, p = .021, partial η2 = .196), with the younger
subgroups again scoring higher; there was no interaction effect between age and subtest. A
follow-up independent samples t-test (with alpha level set at .01) revealed the younger group
performed significantly higher than the older group on Trails 3 (Letter Sequencing) and Category
Switching Correct Responses and Accuracy score. Means and standard deviations by age group
are shown in Table 20, with those same results plotted in Figure 15.
These results indicate that relative to the norm, deficits on measures of verbal fluency,
verbal inhibition and switching appear to increase with age in youth with PAE, which is similar
to previously reported findings in this study (decreased performance on verbal reasoning,
comprehension and verbal memory).
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Table 17
Mean and Distribution Statistics for Youth with PAE on Selected D-KEFS Subtests
Subtest
Trail Making (N = 28)

Mean (SD)

Skew

Kurtosis

Normalitya

Visual Scanning

8.10 (3.54)

-.381

-.590

.230

Number Sequencing

8.21 (3.16)

-.596

-.353

.143

Letter Sequencing

8.21 (3.43)

-.402

-.394

.633

Number-Letter Switching

6.75 (3.67)

-.170

-1.243

.057

-1.683

2.473

.000

Motor Speed

10.21 (2.54)

Verbal Fluency (N = 28)
Letter Fluency

7.60 (2.83)

-.305

-.892

.205

Category Fluency

8.71 (3.41)

-.593

-.392

.094

Accurate Responses

9.14 (3.42)

-.974

.851

.023

Correct Responses

8.42 (0.62)

-.802

.354

.052

Color Naming

7.66 (3.15)

-.417

-.625

.235

Word Reading

8.33 (3.03)

-1.028

.968

.014

Inhibition

6.62 (2.98)

-.060

.605

.121

Inhibition/Switching

7.40 (3.55)

-.080

-.746

.544

Category Switching

Color-Word Interference (N = 27)

Note. PAE = Prenatal Alcohol Exposure; D-KEFS = Delis Kaplan Executive Function System.
a
Shapiro-Wilks statistics reported.
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Table 18
Values of t-tests, effect size and confidence intervals of youth with PAE on the D-KEFS
Compared to the Normative Meana

Mean (SD)

t(27)

Cohen’s
d

99% CI

Visual Scanning

8.10 (3.54)

-2.82*

-0.57

[-3.74, -0.03]

Number Sequencing

8.21 (3.16)

-2.98*

-0.58

[-3.44, -0.12]

Letter Sequencing

8.21 (3.43)

-2.75

ns

[-3.58, 0.01]

Number-Letter Switching

6.75 (3.67)

-4.67**

-0.96

[-5.17, -1.32]

10.21 (2.54)

0.44

ns

[-1.11, 1.54]

7.60 (2.83)

-4.47**

-0.82

[-3.87, -0.90]

Category Fluency

8.71 (3.41)

-1.99

ns

[-3.07, 0.50]

Category Switch Accurate

9.14 (3.42)

-2.49

ns

[-2.65, 0.93]

Category Switch Correct

8.42 (0.62)

-1.32

ns

[-3.31, 0.17]

Index and Subtest
Trail Making (N = 28)

Motor Speed
Verbal Fluency (N = 28)
Letter Fluency

Color-Word Interference (N = 27)
Color Naming

7.66 (3.15)

-3.84b** -0.76

[-4.01, -0.64]

Word Reading

8.33 (3.03)

-2.85b*

-0.55

[-3.29, -0.04]

Inhibition

6.62 (2.98)

-5.85b** -1.13

[-4.96, -1.77]

Inhibition/Switching

7.40 (3.55)

-3.79b** -0.79

[-4.49, -0.69]

Note. PAE = Prenatal Alcohol Exposure; D-KEFS = Delis Kaplan Executive Function System;
CI = confidence interval.
a
Normative mean = 10. bt(26). *p <.01 (two-tailed). **p < .001 (two-tailed).
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Figure 12. Performance of youth with PAE on the D-KEFS subtests.
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Figure 13. Performance of Youth with PAE on the D-KEFS subtests, by gender.
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Table 19
Correlations between age and Selected D-KEFS Subtests
Measure

Age

Trail Making
Visual Scanning

-.508**

Number Sequencing

-.446*

Letter Sequencing

-.396*

Number-Letter Switching

-.379*

Verbal Fluency
Letter Fluency
Category Fluency

-.339
-.325

Category Switching
Correct Responses

-.518**

Accuracy

-.604**

Color-Word Interference
Color Naming

-.109

Word Reading

-.278

Inhibition

-.077

Inhibition/Switching

-.008

Note. D-KEFS = Delis Kaplan Executive Function System.
*p < .05 (two-tailed). **p < .01(two-tailed).
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Figure 14. Differences across age groupings on the D-KEFS Category Switching, LetterSequencing, and Letter-Number Switching subtests.
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Table 20
Mean D-KEFS Index and Subtest Scores and Standard Deviations by Age Groups

Index and Subtest

Younger (n=13)
(12.00 - 15.57 years)
Ma
(SD)

Older (n=15)
(15.58-16.99 years)
Ma
(SD)

Trail Making (N = 28)
Visual Scanning

9.00

(3.18)

7.50

(3.83)

Number Sequencing

9.38

(2.50)

7.50

(3.32)

10.00

(2.58)

7.07

(3.12)

8.38

(3.30)

5.64

(3.38)

11.30

(1.18)

9.07

(3.04)

Letter Fluency

8.46

(2.06)

7.07

(3.26)

Category Fluency

9.84

(2.85)

7.92

(3.70)

Accurate Responses

11.00

(1.91)

7.42

(3.79)

Correct Responses

10.15

(2.33)

6.85

(3.50)

Color Naming

8.23

(3.13)

7.14

(3.18)

Word Reading

9.30

(1.84)

7.42

(3.67)

Inhibition

7.30

(3.06)

6.00

(2.88)

Inhibition/Switching

7.53

(3.23)

7.28

(3.95)

Letter Sequencing
Number-Letter Switching
Motor Speed

Verbal Fluency (N = 28)

Category Switching

Color-Word Interference (N = 27)

Note. D-KEFS = Delis Kaplan Executive Function System. aNormative mean = 10.
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Figure 15. Performance of Youth with PAE on the D-KEFS measures by age group.

BRIEF Parent and Adolescent Self-Report. Means and standard deviations on both
BRIEF measures are reported for the entire sample in Table 21. All validity scales for individual
parents and adolescents were within the acceptable range for both the Parent and Adolescent
reports. The BRIEF scores utilize T scores, with a mean of 50 and a standard deviation of ten. T
scores at or above 65 indicate “potential clinical significance.” For BRIEF Parent Report results,
seven of the eight subscales were above 65, with the Working Memory subscale being the
highest, with a score beyond two standard deviations. This is contrasted with the BRIEF
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Adolescent Self-Report, on which all subscales were below clinical significance, with Task
Completion and Working Memory being the most elevated. Overall, the parents rated their
children as having executive function deficits, however the youth did not perceive themselves as
having such deficits.
To determine if the Parent and Adolescent Self-Report sample’s mean was significantly
different than the population mean, two one-sample t-tests were employed and those results are
in Table 22. On the Parent report, all subscales and indices were significantly different and
greater than the normative mean, as shown in Figure 16, with the largest effects noted on the
Metacognition Index and Global Executive Composite. Within the Adolescent Self-Report, 6 of
the 8 subscales were significantly different than the normative mean; with the Metacognition
Index showing a large effect size. The Emotional Control and Organization of Materials did not
achieve significance on the Adolescent Self-Report Form.
To examine potential age and gender effects, BRIEF Parent and Adolescent subscales
were analyzed in a repeated measures design with gender (female or male) as the betweensubjects factor, the subtests as the within-subjects variables, and age as a covariate. On the
Parent form, there was a significant main effect for gender (F (1, 24) = 9.474, p = .005, partial η2
= .283) but not for age, and there was no interaction of age or gender on index. Figure 17 shows
the performance on the BRIEF by gender, where females were rated lower than males on the
Inhibit (t(25) = -2.950, p = .007, d = -1.18) and Working Memory subscales (Sphericity not
assumed, t(22.008) = -3.077, p = .006, d = -1.311), which were the likely contributors to this
gender effect. On the Adolescent Self Report, there were no significant main effects for either
age or gender, and there were no significant interaction effects for age or gender. As age was not
a significant covariate, no further age relationship was explored.
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Table 21
Descriptive and Distribution statistics of the BRIEF Parent and Adolescent Ratings for Youth with PAE
Index/Scale

M

Parent Report (n = 27)
(SD)
Skew Kurtosis Normalitya

M

Adolescent Report (n = 26)
(SD)
Skew Kurtosis Normalitya

Behavioral Regulation

73.62 (13.28)

-.593

-.608

.041

58.07 (8.17)

-.210

-.475

.848

Inhibit
Shifting
Emotional Control

74.18 (17.77)
72.00 (12.00)
66.55 (12.62)

-.139
-.494
-.931

-.830
1.016
-.202

.214
.123
.005

56.19 (8.60)
59.07 (11.39)
54.80 (10.49)

-.047
.098
.771

-.744
-1.055
.004

.834
.270
.062

73.92 (8.90)
71.48 (11.68)

-1.103
-.470

1.487
-.721

.051
.204

61.23 (9.76)
-

.040
-

.670
-

.815
-

75.25 (10.01)

-.795

.413

.095

61.57 (9.16)

.515

.053

.424

Task Completion
Planning/Organizing
71.92 (9.75)
Organization of Materials 60.88 (12.32)
Monitor
73.11 (9.71)
Global Executive Composite 75.92 (10.65)

-.805
-.937
-1.288
-1.006

.162
-.369
1.099
.972

.076
.001
.002
.024

62.46 (11.40)
58.96 (8.41)
54.65 (11.19)
57.42 (11.03)
60.57 (8.19)

-.700
.485
-.043
-.196
-.275

.012
-.286
-.126
-.757
-.119

.258
.540
.572
.371
.957

Metacognition
Initiation
Working Memory

Note. BRIEF = Behavioral Rating Index of Executive Functioning; PAE = Prenatal Alcohol Exposure.
a
Shapiro-Wilks statistics reported.
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Table 22
Values of t-tests, effect sizes and confidence intervals for BRIEF Performance of youth with PAE Compared to the Normative Meana
BRIEF Scales

Parent Report (N = 27)
M (SD)
t(26)a
d
99% CI
a

Behavioral Regulation Index 73.62 (13.28)

Adolescent Report (N = 26)
(SD)
t(25)a
d
99% CI

a

M

9.24

2.00

[16.52,30.73]

58.07 (8.17)

5.03

0.88

[3.60, 12.54]

74.18 (17.77)
72.00 (12.02)
66.55 (12.62)

7.06
9.50
6.81

1.67 [14.67, 33.69]
1.98 [15.57, 28.42]
1.45 [ 9.80, 23.30 ]

56.19 (8.60)
59.07 (11.39)
54.80 (10.49)

3.66
4.06
2.33

0.66
0.84
ns

[1.48, 10.89]
[2.84, 15.30]
[-0.92,10.54]

Metacognition Index

73.92 (8.90)

13.96

2.52 [19.16, 28.68]

61.23 (9.76)

5.86

1.13

[5.89, 16.56]

Initiation
Working Memory
Task Completion

71.48 (11.68)
75.25 (10.01)
-

9.55
13.10
-

1.97 [15.23, 27.72]
2.52 [19.90, 30.61]
-

61.57 (9.16)
62.46 (11.40)

6.44
5.56

1.20
1.16

[6.56, 16.58]
[6.22, 18.69]

Planning/Organizing

71.92 (9.75)

11.68

2.21 [16.70, 27.14]

58.96 (8.41)

5.43

0.96

[4.36, 13.55]

Organization of Materials

60.88 (12.32)

4.59

0.96 [ 4.29, 17.48]

54.65 (11.19)

2.12

ns

[-1.46, 10.77]

Monitor

73.11 (9.71)

12.35

2.34 [17.91, 28.30]

57.42 (11.03)

3.43

0.70

[1.39, 13.45]

Global Executive Composite 75.92 (10.65)

12.64

2.50 [20.22, 31.62]

60.57 (8.19)

6.58

1.15

[6.09, 15.05]

Inhibit
Shifting
Emotional Control

Note. PAE = Prenatal Alcohol Exposure; BRIEF = Behavioral Rating Index of Executive Functioning; CI = confidence interval.
a
All scores significant at the p< .001, except Adolescent Report on Monitor, where p = .002.
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Parent Report

Adolescent Report

Figure 16. Parent and Adolescent BRIEF scores for Youth with PAE.
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Figure 17. Parent and Adolescent BRIEF scores, by gender.
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WCST CV-4. Performance means and standard deviations for the WCST CV-4 are
presented in Table 23. In this sample of youth with PAE, the scale of Perseverative Responses
showed the highest mean of 97.00 (standard deviation = 13.66), with the lowest being on the
Nonperseverative Errors, with a mean of 92.80 (standard deviation = 13.82). One sample t-tests
comparing the obtained and standardized means (manual version, as computerized norms are not
yet available) to the population mean of 100 revealed that only Nonperseverative Errors was
significantly different (t(24) = 2.60, p = .016 (two-tailed)); however the small effect size -0.49
(Cohen’s d) indicates these results may not have significant clinical meaning, especially since the
mean is within the traditional range considered average. A repeated measures one-way ANOVA
revealed no significant differences between the standardized scores for Perseverative Responses,
(which includes Perseverative Errors) and Nonperseverative Errors for this sample.
To explore the impact of gender and age, a repeated measures design was utilized, with
gender (female or male) as the between-subjects factor, the Perseverative Responses, and
Nonperseverative Errors as the within-subjects variables, and age as a covariate. The Total
Errors scale was not utilized in this analysis, since it is comprised of both the Perseverative and
Nonperseverative Errors. There were no significant main effects or interactions. However,
regarding an interaction effect, gender narrowly missed significance (F(1.138, 44) = 3.49, p =
.070, partial η2 = .136). As shown in Figure 18, females committed less perseverative errors and
perseverative responses than males, hence the higher standard score.
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Table 23
Performance of Adolescents with PAE on the WCST CV-4 (N=25)
Mean (SD)

Skew

Kurtosis

Normalitya

Total Errors

94.08 (14.66)

-.490

-.158

.382

Perseverative Responses

97.00 (13.66)

.015

-1.475

.052

Perseverative Errors

96.08 (13.63)

.051

-1.474

.037

Nonperseverative Errors

92.80 (13.82)

-.702

.928

.226

Trials to Complete 1st Categoryb

14.40 (5.75)

2.76

4.39

.000

5.00 (1.38)

-

-

-

Scale

Categories Completedb

Note. WCST CV-4= Wisconsin Card Sorting Test Computer Version Fourth Research Edition;
PAE = Prenatal Alcohol Exposure.
a
Shapiro-Wilks statistic reported. b Raw score.

Figure 18. WCST CV-4 Performance of Youth with PAE by gender.
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Working Memory
Multiple measures of working memory were administered to this sample of youth with
PAE, and descriptive statistics were previously provided within their respective batteries.
However, for easier comparison, they are summarized again in Table 24. One sample t-tests
were employed to compare scores to the normative mean. While not directly a working memory
task, research clearly implicates a central role for attention in WM, and due to the high
correlation in this sample between this index and the WMI it was included in this analysis. As
noted in Table 24, all index and subtest scores were significantly different (except Sentence
Memory subtest), and were lower than the population mean, with substantial effect sizes noted.
In this sample of youth with PAE, regardless of how it is measured, working memory was an
area of significant deficit.

Working Memory and Executive Function
The last hypotheses predicted that there would be a significant and positive correlation
between the measures of working memory and other domains of EF, theorizing that the EF
deficits in youth with PAE are related to an underlying WM deficit. The following domains of
executive function were chosen: cognitive flexibility, inhibition, and initiation. Spearman
correlations were used to examine the degree of relationship, and were chosen to compensate for
small sample size and non-normal distributions. Because several of the tests of EF tap into
multiple domains, the tables presenting the results are organized by WM battery. WISC-IV
correlations are presented in Table 25 and WRAML2 in Table 26. Spearman correlation
revealed only the Organization of Materials subscale from the BRIEF Parent report was
significantly correlated with the Number-Letter subtest from the WRAML2
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(rs(27) = .507, p = .007); no other parent or adolescent BRIEF scales were significantly
correlated with the measures of WMI.

Table 24
Performance of Youth with PAE on Working Memory Measures, Compared to the Normative
Mean
Index and Subtest
WISC-IV Working Memory Index
Digit Span
Forward
Backward
Letter Number Sequencing
(Arithmetic)b

M
77.25
6.04
6.71
7.07
6.11
6.64

SD
14.57
2.74
2.85
2.62
3.22
2.88

t(27)a
-8.26
-7.65
-6.09
-5.90
-6.38
-6.16

d
99% CI
-1.53 [-30.37, -15.12]
-1.37 [-5.39, -2.52]
-1.12 [-4.77, -1.79]
-1.04 [-4.30, -1.55]
-1.25 [-5.58, -2.20]
-1.14 [-4.86, -1.84]

WRAML2
Attention/Concentration Index
Finger Windows
Number Letter
Working Memory Index
Verbal Working Memory
Symbolic Working Memory
Sentence Memory

81.29
6.71
6.75
85.36
7.86
6.79
8.46

15.80
3.24
3.16
13.77
3.15
2.53
3.04

-6.26
-5.36
-5.44
-5.62
-3.60
-6.72
-2.67

-1.21 [-26.98, -10.44]
-1.05 [-4.98, -1.58]
-1.05 [-4.90, -1.59]
-1.01 [-21.85, -7.43]
-0.69 [-3.79, -0.49]
-1.15 [-4.53, -1.89]
ns
[-3.12, 0.05]

BRIEF Working Memory Scalec
Parent Report (N = 27)
Adolescent Report (N = 26)

75.26
61.58

10.01
9.17

13.10
6.44

2.52
1.20

[19.90, 30.61]
[6.56, 16.58]

Note. PAE = Prenatal Alcohol Exposure; CI = Confidence Interval; WISC-IV = Wechsler
Intelligence Scale for Children, Fourth Edition; WRAML2 = Wide Range Assessment of
Memory and Learning, Second Edition; BRIEF = Behavior Rating Inventory of Executive
Function.
a
All values significant at p < .001 (two-tailed) except Sentence memory, where p = .01(twotailed). bArithmetic is not calculated as part of Working Memory Index. cT-score reported (M =
50, SD = 10), where higher scores reflect greater impairment.
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Measures of inhibition (Inhibition subtest, D-KEFS; Perseverative Responses, WCST) were
significantly correlated with auditory working memory tasks, with the exception of the BRIEF
scales. The least common variance shared was between Perseverative Responses and Arithmetic
(19 percent).
Cognitive flexibility, or set shifting (Number-Letter Switching, Category Switching,
Inhibition/Switching-D-KEFS, Total Errors-WCST), was significantly correlated and in the
moderate to strong range (.42-.72) with both verbal and nonverbal working memory, as well as
attention and concentration measures, but not with the parent or adolescent BRIEF working
memory scales. The relationship between Digit Span and Number-Letter Switching (D-KEFS)
shared the most common variance (52 percent). On the WCST, the relationship that shared the
greatest common variance (38 percent) was between the Total Errors and the Arithmetic subtest.
Initiation, as measured by the Letter and Category Fluency Subtests was significantly
correlated with both verbal working memory and immediate auditory recall. Interestingly, this
domain revealed the only significant correlation between the BRIEF Working Memory scales
and the EF measures (Category Fluency (rs = -.426, p = .027).
Taken overall, and as predicted, measures of working memory are significantly correlated
with verbal fluency, initiation, shifting and inhibition in this sample of youth with PAE.
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Table 25
Spearman Correlations between WISC-IV Working Memory and EF Measures
EF Measure
D-KEFS
N-L Switching
Verbal Fluency
Letter Fluency
Category Fluency
Category Switching
Correct Responses
Accuracy
Color-Word Interference
Inhibition
Inhibition/Switching
WCST CV-4
Total Errors
Perseverative Responses
Categories Completed

DS

DSF

DSB

LNS

Arithmetic

.721**

.422*

.655**

.453*

.662**

.278
.297

.212
.165

.120
.194

.371
.349

.270
.349

.425*
.362

.356
.286

.253
.228

.270
.129

.322
.229

.251
.307

.193
.259

.164
.205

.442*
.180

.250
.250

.339
.141

.161
.082

.414*
.196

.454*
.438*

.615*
.440*

.536**

.182

.693*

.544**

.594**

Note. WISC-IV = Wechsler Intelligence Scale for Children, Fourth Edition; EF =
executive functioning; DS = Digit Span; DSF = Digit Span Forward; DSB = Digit Span
Backward; LNS = Letter-Number Sequencing; D-KEFS = Delis-Kaplan Executive
Function System; N-L = Number-Letter; WCST CV-4 = Wisconsin Card Sorting Test,
Computerized Version, Fourth Research Edition.
*p < .05 (two-tailed). **p < .01 (two-tailed).
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Table 26
Spearman Correlations between WRAML2 Working Memory Measures and various
EF Measures
EF Measure
D-KEFS
N-L Switching
Verbal Fluency
Letter Fluency
Category Fluency
Category Switching
Correct Responses
Accuracy
Color-Word Interference
Inhibition
Inhibition/Switching
WCST CV-4
Total Errors
Perseverative Responses
Categories Completed

Finger
NumberWindows
Letter

VWM

SWM

Sentence
Memory

.518**

.488**

.597**

.699**

.486**

.492**
.388*

.294
.279

.477*
.494**

.383*
.484**

.415*
.396*

.093
.015

.344
.213

.536**
.455*

.554**
.368

.370
.324

.249
.278

.392*
.361

.319
.388*

.426*
.298

.247
.183

.071
-.077
.420*

.419*
.257
.336

.222
.056
.214

.268
.208
.394

.186
.076
.068

Note. WRAML2 = Wide Range Assessment of Memory and Learning, Second
Edition; EF = executive functioning; VWM = Verbal Working Memory; SWM =
Symbolic Working Memory; D-KEFS = Delis Kaplan Executive Function System;
N-L = Number-Letter; WCST CV 4 = Wisconsin Card Sorting Test, Computer
Version, Fourth Research Edition.
*p < .05 (two-tailed). **p < .01 (two-tailed).
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Chapter 4
Discussion

The intention of this study was to evaluate how youth 12 to 16 years of age with PAE
performed on current, sensitive, and commonly used intellectual, memory, and executive
functioning measures. A second goal was to examine the relationship between working memory,
verbal fluency, cognitive flexibility, and inhibition in a sample of youth with PAE to see if a
specific pattern of functioning emerged during early to middle adolescence.
Consistent with numerous studies showing global reductions in overall IQ, it was
predicted that the youth in this study would achieve scores lower than the average WISC-IV
FSIQ and GAI scores; that prediction was supported by the results. The findings replicate
numerous studies (Chasnoff et al., 2010; Crocker, Vaurio, Riley, & Mattson, 2009; Mattson et
al., 2011; Mattson, Riley, Gramling, Delis, & Jones, 1997) in which the mean FSIQ in
individuals with PAE is significantly below the standardization sample’s mean of 100. Most
studies have reported IQ as ranging from borderline to low average, depending upon the level of
PAE and socioeconomic status; those with a diagnosis of FAS often have lower FSIQs compared
to other diagnostic categories. The mean FSIQ obtained in the present study was found within
the ranges reported in the literature. Much of the existing research used samples in which the
participants spanned developmental periods ranging from preschool to late adolescence, such as
Fagerlund et al. (2012) who reported more than a 16-year range between her youngest and oldest
participants, thereby requiring the use of both the WISC-III and the WAIS-III. This present

Neurocognitive Performance in Youth with PAE

96

study adds to the literature by providing data related to the intellectual functioning of youth with
PAE during early and middle adolescence.
It was also predicted that the WMI and PSI would be significantly lower than both the
VCI and PRI in this sample of youth with PAE. As predicted, the WMI was significantly lower
than both the VCI and PRI; however, the PSI was significantly lower than the PRI, but not the
VCI. Further, there were no significant differences between the mean scores of the VCI and the
PRI, or the WMI and the PSI. Therefore, as expected, youth with PAE performed less well on
tasks requiring short-term rote memory, compared to tasks involving verbal or visual reasoning.
Their performance on a processing speed task that included a graphomotor component was lower
than on visual reasoning tasks. According to numerous studies, working memory and processing
speed are core deficits in individuals with PAE (Green et al., 2009; Mattson et al., 2011).
Consistent with the overall performance in these domains in this present study, Kaemingk et al.
(2003) reported working memory in a cohort of 20 Native American children and adolescents
with PAE to be in the borderline range (mean WISC-III FDI = 74.55, and mean WISC-III PSI =
74.75). Howell, Lynch, Platzman, Smith, and Coles (2006) also found performance on these two
domains within the borderline range of ability in a group of adolescents with PAE and
dysmorphic features. Likewise, Aragon et al. (2008) examined group differences between FAS,
pFAS and non-exposed controls on complex versus simple processing measures. In this study,
Digit Span Backwards, Letter Fluency and Category Switching from the D-KEFS, more complex
of the WM measures, significantly differentiated children with an FASD from the control group,
with the exposed children performing in the extremely low range of ability.
Cross-sectional and longitudinal neuroimaging research has demonstrated altered brain
development in critical areas related to WM and PS in children and youth with PAE relative to
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non-exposed peers. O’Hare et al. (2009) compared WM activation utilizing functional magnetic
resonance imaging in a group of 20 children (age range 7 to 15 years old) with an FASD to 20
age-matched non-exposed controls. She reported equivalent performance on medium and high
WM visual task demands between the two groups, however, the children with an FASD
demonstrated increased activation in the left dorsal lateral prefrontal cortex, left inferior parietal
cortex, and in bilateral posterior temporal regions; indicative of the FASD children utilizing a
wider network of brain regions, suggestive of reduced frontal-parietal efficiency in the alcoholexposed group (O’Hare et al., 2009). Additional support for impaired WM/PS is provided by
Bjorkquist, Fryer, Reiss, Mattson, and Riley (2010), who examined 21 children and youth with
PAE and found a positive correlation between decreased performance on the WISC-III Freedom
from Distractibility Index and reduced posterior cingulate gray matter volume. Neuroimaging
studies examining cortical thickness in youth with FASD compared to non-exposed controls
found that reduced cortical pruning and subsequent decreased myelination was significantly
correlated with lower cognitive performance and memory and learning measures relative to
controls (Lebel et al., 2012; Sowell et al., 2008). This is contrasted to typically developing
controls who exhibit rapidly increased pruning and myelination during early and midadolescence (Anderson, 2002; Anderson, Anderson, Northam, Jacobs, & Catroppa, 2001; Brocki
& Bohlin, 2004).
This growth spurt in typically developing peers corresponds to multiple studies
demonstrating significant age-related increases in WM from childhood to about 15 years of age
(Alloway & Alloway, 2013; Anderson et al., 2001; Lehto, Juujarvo, Kooostra, Pulkkinen, 2003).
Burden et al. (2005) reported low-average to average mean Digit Span and Arithmetic scores in a
large sample of children with heavy PAE at 7.5 years of age (9.2 and 8.2, respectively);
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contrasted with borderline to low-average mean scaled scores found in this present study. These
suggest that there are specific and important developmental differences in WM between children
and youth with PAE; converging neuroimaging and neuropsychological evidence point to that,
and in fact, WM and PS may actually decrease in early to middle adolescence. This current
study adds to the literature by documenting these deficits during early and middle adolescence.
A related question of interest at the outset of this investigation was if the GAI would be
significantly higher than the FSIQ due to the inclusion of the WMI and PSI in computing the
FSIQ. As expected, the GAI was significantly greater than the FSIQ. To this author’s
knowledge, this is the first study examining GAI and FSIQ differences in individuals exposed to
PAE. The addition of WMI and PSI in the computation of the FSIQ may contribute to clinicians
assuming lower global intellectual functioning in youth with PAE. In this present sample, the
mean PRI (89.35) was the highest index score and very near the low end of the average range of
abilities; whereas the mean FSIQ (79.5) was at the upper end of the borderline range. Clinically,
using the GAI vs. FSIQ score has implications for school placement as well as targeted
interventions for these youth.
It was anticipated that studies in individuals with FASD reporting FSIQ from the WISCIII would be higher than that found presently and greater than the 2.5 index-point difference
noted in the non-clinical correlational sample (Wechsler, 2003). This was expected because the
WISC-III FSIQ does not contain WM or PS Indices. A review of the literature identified
multiple studies in which this was the case. For example, Vaurio, Riley, and Mattson (2011)
compared 55 children (ages six to 16) with heavy PAE to IQ-Matched controls reported the
mean FSIQ of participants in the PAE group was 92.16. A higher FSIQ (mean = 86.91) on the
WISC-III was also noted in a study by Crocker et al. (2011), in which 22 youth aged seven to 14
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years with heavy PAE. In a Finnish study utilizing the Finnish version of the WISC-III,
Korkman et al. (2003) examined 27 alcohol exposed youth ages 12-14 years in which the
reported mean FSIQ was 89.89. The mean FSIQ of the participants with PAE reported in these
three studies is higher than the mean FSIQ reported in this present study (79.5) and more closely
matches the mean GAI of this present study (86.3) which, similar to the WISC-III, does not
include the WMI or PSI as part of the full-scale composite score. Another clinical sample to
which youth with PAE are often compared are those ADHD due to the high presence of
attentional disorders in those with PAE (Mattson et al., 2011). A related study examining
performance differences between the WISC-IV and the WISC-III in a clinical sample of children
with ADHD (Mayes & Calhoun, 2006) reported 100% of the children administered the WISC-IV
had either the WM or PS index as the lowest score, compared to 88% of the children with
ADHD exhibiting the FD or PS indices as the lowest score. The authors concluded the WISC-IV
may also be a more sensitive measure in detecting ADHD (Mayes & Calhoun, 2006). The WM
in this present study was the lowest Wechsler index score, followed by the PSI. In light of the
literature reviewed above, these examples support that the inclusion of the WM and PS indices
may provide improved sensitivity in detecting working memory and processing speed deficits in
individuals with PAE.
Verbal and Visual memory performance were compared in this study, to determine if one
type of memory was more developed in youth with PAE. The Verbal Memory Index had the
higher mean (92.4) and was significantly greater than Visual Memory (85.2),
Attention/Concentration (81.2) and Working Memory (85.3), which themselves did not
significantly differ from one another. Much of the existent research reports deficits in both
verbal and visual memory in individuals with PAE, depending upon age, measure utilized, and

Neurocognitive Performance in Youth with PAE

100

severity of PAE. It appears that discrepant performances on the Verbal Learning and the Design
Memory subtests are primarily driving the difference between the two Index scores. Whereas
performance was significantly higher and within the average range on the Verbal Learning
subtest, mean performance on the Design Memory subtest was within the borderline to lowaverage range, and the lowest subtest score on the WRAML2. Further, on a second subtest of
visual memory, Picture Memory, the youth performed within the average range of ability,
commensurate with their performance on the Story Memory subtest (verbal memory domain).
Pei et al. (2011) examined visual memory in children with PAE on the Rey-Osterrieth Complex
Figure Test (ROCFT) and found significant difficulties in organization, accuracy and memory on
all three scoring procedures (copy, immediate recall and delayed recall) compared to nonexposed controls. While the complexities between the ROCFT and Design Memory of the
WRAML2 differ, Pei’s study does provide support for the deficient performance found in a
domain specific type of visual memory. In conclusion, it seems that in this sample of youth with
PAE, and consistent with the literature, the equivocal findings between visual and verbal
memory systems may be dependent upon how the component skills are being measured, and not
necessarily reflect a deficit or strength in global verbal or visual memory abilities.
It was also predicted that the GMI would be significantly lower than the FSIQ, given the
reported memory difficulties in this population beyond what would be expected given overall
FSIQ, and the differential impact that PAE has on the hippocampi and related neural networks.
Despite this, there was no significant differences between GMI and FSIQ in this study. The
proximity of scores is comparable to those found in non-clinical samples and in one study
examining this relationship utilizing the WISC-III and the WRAML in children with FASD
(Kaemingk et al., 2003). Despite the known focal damage PAE exerts on memory systems, it
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does not appear that this damage relates to a differential impact of general memory ability above
that explained by FSIQ.
However, the results did show a highly significant correlation between GMI and FSIQ (r
=.84). This unexpected finding is significantly higher than that found in the correlation reported
in the WRAML2 Manual (r = .44) between the WISC-III FSIQ and the GMI; a small (N = 29)
non-clinical sample (M=11.2 years of age) was used to derive this r-value. However, a
correlational study between the WRAML2 and WAIS-III in a sample of adults 17 to 74 years of
age revealed an r-value of .67, noticeably higher than in the children’s sample (Sheslow &
Adams, 2003). Of note, the WAIS-III includes WM and PS indices in the FSIQ computation.
Another study reported the correlation between the FSIQ of WISC-IV and the GMI of the CMS
to be .61 (Drozdick, Holdnack, Rolfhus & Weiss, 2008). Memory and IQ appear to be highly
correlated in this sample of youth with PAE, and more so than what has been reported in other
studies.
Examining inter-subtest correlations between the WRAML2 and the WISC-IV in this
study revealed that Verbal and Symbolic Working Memory, Number-Letter and Sentence
Memory were highly correlated (p < .001) with the VCI subtests from the WISC-IV, in addition
to the two supplemental VCI subtests, Information and Arithmetic. Perhaps the higher degree of
relationship found between FSIQ and GMI is connected to the underlying deficits in WM,
especially in young adolescence. Previous research has documented WM deficits as pervasive
and chronic in youth with PAE. Further, in clinical and non-clinical samples, low WM abilities
are known to interfere with developmentally acquired skills related to crystalized intelligence
(Alloway, Gathercole, Kirkwood, & Elliott, 2009) of which the verbal domains on the WISC-IV
are highly related (Sattler & Dumont, 2004). It is known that PAE disrupts brain metabolism,
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DNA methylation, neural plasticity, adversely effects development of white-and gray matter
density, as well as specific alterations in the prefrontal cortex and regions of the parietal lobes
involved in working memory capacity (Guerri, Bazinet, & Riley, 2009; Lebel et al., 2012; Nunez
et al., 2011). A recent study by Glascher et al. (2010) examined the relationship of g in 241
adults with focal brain damage, and found …”the largest overlap between WAIS subtests… was
for Arithmetic, Similarities, Information and Digit Span,” with the latter two the most highly
correlated with g in this clinical sample. The performance of the youth with PAE in this current
study is strikingly similar to that reported by Glascher’s (2010) study, and may explain, in part,
the higher correlation found between the WISC-IV and the WRAML2 in this present study. It
may be that the neural substrates connected to WM (which are highly sensitive to insult) are
abnormal as a result of focal (as in the Glascher et al. (2010) study) or diffuse brain damage (as
is the case in PAE), and therefore, differentially impact overall cognitive function.
It was also predicted that there would be a significant and positive correlation between
the measures of working memory and other domains of EF that also rely on WM skills,
theorizing that the EF deficits in youth with FASD are related to an underlying WM deficit.
Consistent with that prediction, verbal and nonverbal working memory were moderately
correlated with some performance based EF tasks. In this sample of youth with PAE, working
memory ability appears to be an underlying component skill in other EF tasks. McDowell,
Whyte, & D’Esposito (1997) found a significant relationship between WM and other EF
domains in a sample of adolescents and adults with TBI, positing a deficit in the central
executive system, in which working memory is theorized to be a significant component
(McDowell et al., 1997). McDowell’s findings strongly implicate the need for multiple measures
of WM as a standard part of any neuropsychological evaluation of EF in individuals with PAE, a
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position also shared by Rasmussen (2005) in studying these deficits in children and youth with
PAE. In particular, more complex measures of WM and EF are required in order to detect the
often subtle deficits which nonetheless, can have significant negative implications for adaptive
functioning in the academic and occupational settings.
While none of the BRIEF subscales were significantly correlated with any of the
performance-based measures of WM, prior research (Rasmussen, McAuley & Andrew 2007)
supports utilizing the BRIEF as an effective tool for evaluating ecological EF in children and
youth with PAE, yielding important information that may be missed if utilizing only
performance-based EF measures. The Organization of Materials score from the Parent Report
BRIEF was significantly correlated with a measure of attention and concentration (the WRAML2
Letter-Number subtest). The BRIEF Working Memory subscale was significantly correlated with

one performance based measure of EF, Category Fluency, from the D-KEFS. The overall lack of
significant correlations is consistent within the neuropsychological literature. McAuley, Chen,
Goos, Schachar, and Crosbie (2010) found that neither parent nor teacher ratings on the BRIEF
correlated with performance- based measures of EF. However, they also noted that it was likely
that the questionnaire is assessing the ecological application of EF skills in a manner that
performance-based measures do not. The “ideal testing environment” usually includes a private
space, free from distractions, with comfortable seating and adequate lighting, conditions which
are not typically mirrored in the examinee’s daily life (Chan, Shum, Toulopoulou, & Chen,
2008). Furthermore, as the field now recognizes the limits of formal EF measures to assess
context-specific skills, it is considered a “gold standard” to obtain information from multiple
sources, including adding an ecological measure such as questionnaires (Lezak et al., 2004). The
findings of the BRIEF in this sample of youth with PAE are consistent with several other studies
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examining EF in daily life. Rasmussen et al. (2007) found mean scores in all subscales reaching
clinical significance in a sample of 64 children with FASD. Also consistent with this present
study, the scales suggesting the greatest impairment were those measuring Inhibition, Initiation,
and Working Memory.
An unexpected, but understandable discovery that emerged from an additional analysis,
was that of age being a significant and negative covariate in those domains relating to verbal
comprehension, verbal learning and verbal working memory. Specifically, the older youth
demonstrated more significant deficits in these domains relative to their younger aged peers.
While not an original focus of this study, this apparent age-related decrease in verbal abilities has
been reported before. Korkman et al. (2003), in a longitudinal study, discovered that verbal
memory and verbal IQ decreased in adolescents with PAE, relative to a prior assessment. Again,
Rasmussen et al. (2006), also found a significant and negative correlation between age and
Verbal IQ in a study of 50 Canadian children diagnosed with an FASD, with a comparable
amount of decrement as reported by this study by Korkman et al. (2003). In a separate study
examining EF utilizing the D-KEFS, Rasmussen and Bisanz (2009a) found that 14 to 16 year
olds demonstrated more impairment in verbal fluency, verbal reasoning and cognitive flexibility
than the 8 to 10 year olds in her sample. Additional research examining social skills, speech, and
language has also documented age-related declines in those with PAE (Kully-Martens, Denys,
Treit, Tamana & Rasmussen (2012). Clinically, these results indicate that as they advance into
adolescence, youth with PAE may fall further behind their peers in core cognitive functions such
as verbal comprehension, verbal reasoning and EF skills. Because these domains are highly
related to socialization abilities, this may be why declines are also seen in this domain so
important to emerging adolescence. It is unclear whether this finding is due to a plateauing of
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abilities while unaffected peers advanced, or is due to an actual decline in functioning.
Longitudinal studies are needed to clarify the nature of the decline, employing rigorously defined
classification criteria of PAE, using a relatively large sample that would include diverse ethnic
and socio-economic groups. As discussed previously, individuals with PAE have significant
adverse life events, which may also be contributing factors to this seemingly age-related
cognitive decline.
Therefore, taken overall, in 12- to 16-year olds with PAE, intellectual, memory, and
executive functioning was found impaired at levels consistent with prior measures. However,
the relationship between working memory, verbal fluency, cognitive flexibility, and inhibition in
this sample during emerging during early to middle adolescence demonstrated a pattern of
decreased ability with increasing age.
Implications of these age-related declines extend far beyond the scope of this research.
One can understand how, as a result of a potential increased deficit in core verbal skills essential
for success in our society, young adults with PAE experience increased isolation, substance
abuse and mood disorders and suicidal behaviors and a myriad of other secondary disabilities,
largely due to lack of adequate intervention and support (Streissguth, 1994). Perhaps, if our
society adequately understood their needs (akin to sloping curbs on corners to accommodate
individuals with wheel chairs, or speaking cross-walks to accommodate those with visual
impairments), the dark road, presently so challenging for those entering adulthood with PAE,
might instead be offered a well-lit path with more tailored cognitive interventions, providing
these individuals with supports needed to achieve their full potential as contributing and valued
members of society.
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Limitations and Future Directions
There are several limitations of this study. First, generalizations from the present study
are limited due to the relatively small sample size, and potentially biasing influences related to a
high percentage of youth from foster/adoptive families. However, within PAE population, it is
relatively common to have a significant portion of the participants in foster/adoptive status. The
small sample size, and resultant reduced statistical power, precluded the use of a factor analysis,
which would likely better delineate the strength, nature and direction of the relationships
between working memory and other executive components.
Another limitation of the study is the lack of a matched control group. The “control
group” utilized was based on the standardization norms from the various test batteries. However,
standardization samples likely do not adequately match the social or economic backgrounds of
most youth with PAE. Finding a control group for this population has its own limitations in
deciding which influential factors on which to match. Youth with PAE typically encounter a
myriad of adverse life events such as multiple out-of-home placements, resulting from neglect
and abuse, as well as numerous dysfunctional family dynamics (Rasmussen & Bisanz, 2009a).
Finally, given the high rate of alcohol consumption reported in women of childbearing age, one
cannot, with a high degree of certainty, ensure that the members of the control group had
themselves not been exposed to alcohol (Rasmussen & Bisanz, 2009a). Confirmation of PAE in
the current study was required through participating parents/guardians providing medical, legal
or social service records. However, quantity, frequency, and timing of effects resulting in PAE
was unknown in this study, except for one participant who resided with his/her birth mother.
While common in FASD research due to the high prevalence of adoptive/foster care status, a
lack of sound history is an important limitation in most PAE research which has otherwise
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demonstrated a direct dose-timing relationship between PAE and neurodevelopmental outcomes
(Streissguth, 2007).
Another limitation of this present study was the cross-sectional design. While providing
useful insights regarding neurocognitive performance during a discrete developmental
“snapshot,” a longitudinal design with a larger sample size would provide better interpretation of
any resulting age-related performance differences. Examining differences within
developmentally meaningful age ranges according to diagnostic category (FAS, pFAS, ARND,
PAE) may yield unique developmental profiles and subsequent interventions. Given the
heterogeneity due to the unique interaction of pre/post natal factors that influence the phenotypic
expression of PAE, finding a test profile with a high enough diagnostic specificity and sensitivity
is essential if we are to design interventions that will improve the quality of life for individuals
and families already impacted by PAE.
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Date of Contact_______________
Parent/Guardian’s Name____________________________________
Email________________________ Phone_______________________
Child’s Name_____________________________________________
Date of Birth of Child: ____________

Age of Child: _______

Gender: F

Ethnicity of Child: ______________________

M

Trans

Child’s Grade: __________

First Language of Child ___________________

Protocol Number: ______
Is your child diagnosed with (circle one): FAS

pFAS

ARND ARBD

FAE

PAE

UW 4 Digit Code
Date diagnosed _____________________ How/Whom_______________________________
If No DX: Evidence of PAE_________________________________
Please indicate if your child has ever been diagnosed with any of the following conditions
(Circle as many as apply):
Autism

Epilepsy

Pervasive Developmental Disorder

Cerebral Palsy

Uncorrected hearing loss

Uncorrected visual impairment

Color blindness

Head injury w/LOC > 5 minutes

Alcohol or other drug dependence (Remission 3 months)
Attention/Deficit Hyperactivity Disorder*
Does your child have any upper body disabilities that would hinder them from pointing, drawing,
assembling blocks, or using a mouse on a computer (circle one)?
Does your child attend a regular education classroom? YES

YES

NO
NO

Neurocognitive Performance in Youth with PAE
Has your child ever been diagnosed with a learning disability* (circle one)? YES
If “Yes,” what type of disability?_________________________________________
*Not an exclusion criteria
Does your child currently take any medication (circle one) YES

NO

If “Yes,” please indicate the type, dose, and frequency: ________________________
Eligible for Study: Y

N

Date of Assessment:________________________________
Location:_________________________________________
Mailing Address (only if interested in receiving summary of findings)
________________________________________________________
________________________________________________________
________________________________________________________

NO
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George Fox University
Graduate Department of Clinical Psychology

ASSENT FORM FOR NEUROPSYCHOLOGICAL TESTING
I am willing to do a lot of things today, many of which will seem like games. Some will let me
work with blocks and puzzles. Others will let me draw or tell what I know. Some of the tasks
will check on my memory and thinking. I understand that some of the tasks will seem hard, and
some will seem easy. Some will seem just right for me. A lot of youth and teens find these
tasks interesting and fun. I might feel tired after I am all done. I know that I can take a break
when I want to. When I am done with all of the tasks, I will get a thank you gift card of $20.00
dollars. I can spend this money any way my parents allow.
I understand that the person working with me is a university student. She/he is trying to
learn about how teens think and learn. This study will need one or two visits and take about
three to five hours. I don’t have to do this if I don’t want to. I know that I can quit at any time if
I want. If I don’t like a question, I don’t have to answer it. Nothing bad will happen to me if I
decide that I don’t want to do this. But I won’t earn the $20.00 thank you gift. If I finish, I am
helping another student, and will earn $20.00.

Printed Name: __________________ Parent/Guardian :____________________(optional)
Signature: ______________________Signature:__________________________
Age: ______________
Date: ________,

Date: ____________,

Examiner’s Name: ___________________ Examiner’s Signature___________________
Date: _____________,
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Parental/Guardian Consent Form
Because of your child’s age, you and your child are being invited to participate in a study
that will compare how children with and without prenatal exposure to alcohol perform on
different measures of thinking and memory abilities. It is hoped that the results of this study will
be useful by showing how youth who are prenatally exposed to alcohol, perform on commonly
used measures of intellectual functioning and memory. It is hoped that information will
eventually help children with FASD be more successful in school, work, and other areas of life.
If you choose to allow your child to participate, you will be first asked to provide information
about their medical, and educational history and how they were diagnosed with FASD. This
information will be treated confidentially, and will be used to help determine if your child can
participate. If your child is eligible to participate, you will also be asked to complete a
questionnaire related to how you view your child’s problem solving abilities, and remembering
everyday tasks. This information will be treated confidentially. Your child will also be asked to
agree to help out after what s/he will be asked to do.
We will need to meet with you and your child for one or two appointments. You will
need to be present for the first part of the appointment only, to share some information about you
and your child. Your child’s appointment will last about from 3 to 5 hours (including breaks).
They will complete many different tasks that will seem like games. Some will be working with
blocks and puzzles, drawing, and telling what they know. Some of the tasks will check on their
memory and thinking. Some activities will seem hard, while others may seem easy for your
child. I understand that none of these tasks can cause physical harm, and that children and
teenagers usually find most of these tasks interesting and fun, but possibly a little tiring. After
completing all of the tasks, you will be given, on behalf of your child, a $20.00 gift card to show
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our appreciation. Your child will be told s/he can spend this money in any way you give your
permission. Additionally, your name will entered in a drawing to win one of two fifty dollar gas
cards. Your and your child’s participation is voluntary, and you may withdraw at any time.
However, due to limited funds, you or your child will receive the thank you gifts only if all of the
tasks are completed. Every participant who finishes the tasks will also receive a summary
describing how the findings may be helpful to children with FASD in general, if requested.
You may contact the researchers, Lisa A. McCrea Jones, at XXX-XXX-XXXX, or Dr. Wayne V.
Adams at 503-554-2372 at any point, and know they are both affiliated with the Graduate
Department of Clinical Psychology at George Fox University, in Newberg, Oregon. By signing
this form, you are indicating you have legal authority to grant permission for your child, named
below, to participate. You will receive a copy of this signed consent form.

Printed Name: ____________________
Relationship to Child:

Parent

Signature:___________________________
Guardian

Name of Child: __________________________

Age: _________

Date: _______________,
Examiner’s Name: ___________________ Signature __________________________
Date: _______________,
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Curriculum Vitae

Lisa A. McCrea Jones, PsyD
Education
Doctor of Psychology: Clinical Psychology (2013)
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
APA Accredited
Master of Arts: Clinical Psychology (2006)
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
APA Accredited
Bachelor of Arts: Psychology (1998)
University of Alaska, Fairbanks, Alaska
Minor: General Education

Clinical Experience
University of Oregon Counseling and Testing Center
APA Accredited Pre-Doctoral Internship (August 2009-August 2010)
Eugene, Oregon
Population: Adolescents and Adults
 Provided individual therapy utilizing both brief and long term models
 Co-facilitated year-long Women’s Process group
 Year-long psychoeducational Assessment Rotation
 Assisted Assessment Supervisor in assigning assessment cases to pre-doctoral interns
 Conducted ADHD and Learning Disability assessments
 Member of University Disability Review Committee
 Reviewed disability documentation and provided admission recommendations for
University applicants with documented disabilities
 Provided crisis intervention to students
 Primary supervisor of doctoral level practicum student for 9 months
Supervisors: Brooks Morse, PhD, Licensed Psychologist; Jon Davies, PhD, Licensed
Psychologist; Shelly Kerr, PhD, Licensed Psychologist
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Doernbecher Children's Hospital, Oregon Health and Sciences University
Pediatric ADHD and Learning Disorders Clinic (August 2008-June 2009)
Portland, Oregon
Population: Children, Adolescents
 Conducted comprehensive pediatric psychological assessments of children with behavioral
and neurodevelopmental disorders and learning disabilities
 Participated in feedback sessions to parents and children
Supervisor: Darren Janzen, PsyD, Licensed Psychologist
(In vivo supervision provided)
Health and Counseling Center, George Fox University
Pre-Intern Psychotherapist (August 2008-April 2009 Paid Position)
Newberg, Oregon
Population: Adults
 Facilitated individual psychotherapy for University students with complex trauma
histories
 Designed and implementing individual treatment plans
 Conducted psychological assessments and substance abuse evaluations
 Provided crisis intervention
Supervisor: William Buhrow, PsyD, Licensed Psychologist
Kaiser Permanente East Interstate Medical Center
Pre-Internship Psychotherapist (September 2007-August 2008)
Portland, Oregon
Population: Children, Adolescents, Adults, Geriatrics
 Facilitated individual, couples and family therapy
 Conducted weekly comprehensive neuropsychological assessments on children,
adolescents and adults with known neurological insult (TBI, MS, HIV, etc.)
 Provided feedback to clients and referring staff regarding assessment results
 Consulted with primary care physicians, psychiatrists and other medical staff to insure
client care
Supervisor: Ronald D. Sandoval, PhD, Licensed Psychologist
Private Practice of Wayne V. Adams, PhD/ABPP/CL
Psychometrician (June 2007, October 2008)
Newberg, Oregon
Population: Children and Adults
 Conducted comprehensive psychoeducational assessments
 Participated in feedback sessions
Supervisor: Wayne V. Adams, PhD, Licensed Psychologist
Yamhill County Adult Mental Health Center
Practicum II (September 2006-July 2007)
McMinnville, Oregon
Population: Severely and Persistently Mentally Ill adults
 Facilitated individual psychotherapy
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 Conducted comprehensive neuropsychological assessments
 Provided feedback to clients and referring staff regarding assessment results
 Consultant to case managers for mental health diagnostic clarification
 Completed comprehensive psychodiagnostic intakes and treatment plans
Supervisors: Patricia Warford, PsyD, Paul Stoltzfus, PsyD, Licensed Psychologists
Health and Counseling Center, George Fox University
Practicum I (August 2005-May 2006, Paid Position)
Newberg, Oregon
Population: Adults, Geriatrics
 Facilitated individual psychotherapy for University students
 Designed and implemented individual treatment plans
 Conducted psychological assessments and substance abuse evaluations
 Provided crisis intervention
Supervisor: William Buhrow, PsyD, Licensed Psychologist
Psychodynamic Supervision Group (September 2005-April 2006; October 2008-April 2009)
Graduate Department of Clinical Psychology, George Fox University
Newberg, Oregon
 Attended monthly case presentations
 Participated in object-relations case formulation and treatment recommendations
Supervisor: Kurt Free, PhD, Licensed Psychologist
George Fox University Graduate Department of Clinical Psychology
Pre-Practicum (August 2004-April 2005)
Newberg, Oregon
Population: Adults
 Provided individual psychotherapy
 Completed comprehensive psychological intake reports and treatment plans
 Presented cases to clinical team
Supervisor: Clark Campbell, PhD, ABPP/CL, Michael O’Friel, MA
Graduate Department of Guidance and Counseling, University of Alaska Fairbanks
Therapist Intern (January 2003-May 2003)
Fairbanks, Alaska
Population: Adults
● Provided brief individual therapy utilizing cognitive-behavioral and interpersonal
interventions
● Presented cases to supervision group
Supervisor: Alan Morotti, PhD
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START Program, Fairbanks North Star Borough School District
School Counselor Intern (January 2004-May 2004)
Graduate Department Guidance and Counseling, University of Alaska Fairbanks
Population: Adolescents
● Consulted and presented cases in multidisciplinary team meetings
● Facilitated psychoeducational groups on anger management, career planning,
assertiveness, addiction and family systems/coping strategies
● Formulated Individualized Education and 504 Plans for identified students
● Provided career and guidance counseling to students
Supervisor: Alan Morotti, PhD, Chairperson Graduate Department of Guidance and Counseling
START and Re-Entry Programs, Fairbanks North Star Borough School District
Secondary Drug Prevention/Intervention Specialist (August 2000-June 2004)
Fairbanks, Alaska
Population: Adolescents 11-17 years old; Families
 Facilitated psychoeducational groups for adolescents on addictions, anger management,
communications skills, assertiveness, sexuality
 Conducted individual/family counseling sessions addressing violence and substance use
issues impeding academic success
 Consultant to Assistant Superintendent and secondary principals on district
drug/behavioral disciplinary policies and individual student cases
 Provided crisis-intervention for students and families
 Acting Head Counselor of Program during supervisor’s absence
Supervisors: Kimberly Kelly, MA, Doug Pomeroy, PhD, Licensed Psychologist
Women and Children’s Center for Inner Healing, Fairbanks Native Association
Residential Counselor I/II (October 1998-August 2000)
Fairbanks, Alaska (Level III CARF Accredited Residential Treatment Facility)
Population: Alaska Native/American Indian Adults, Children
 Facilitated individual and group therapy (process and psychoeducational) on addictions,
relapse prevention, trauma, dual-diagnosis, parenting skills, thinking errors
 Provided crisis intervention for clients
 Educated families on the dynamics of addiction
 Supervised clinical staff in treatment supervisor’s absence
 Trained and supervised practicum students at the University of Alaska, Fairbanks
Supervisor: Kat McElroy, CDCS, Moreen Fried, MSW, LCSW

Teaching and Supervision Experience
Clinical Supervisor (September 2009-June 2010)
University of Oregon Counseling and Testing Center
● Primary Supervisor of Doctoral Counseling Psychology Student
● Facilitated two hours of weekly individual supervision
● Reviewed case notes, initial assessments and individual sessions, provided feedback
throughout the year.
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Served as a resource and provided materials that would enhance trainee’s experience
(articles, books).
● Provided oversight for all aspects of therapeutic process from client selection to final
termination reports.
● Developed mentoring relationship with trainee
● Completed quarterly comprehensive evaluations on student’s clinical progress, and
consulted with program faculty as needed regarding progress.
Supervisor: Brooks H. Morse, PhD, Training Director, Senior Assistant Director
●

Graduate Assistant (August 2007-April 2008)
Clinical Foundations of Treatment
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
 Taught foundational therapy skills to first year doctoral students
 Supervised and evaluated graduate student’s provision of psychotherapy during PrePracticum experience
 Provided feedback to students regarding written reports, papers, treatment plans and case
conceptualization
Supervisor: Mary Peterson, PhD, Director of Clinical Training
Graduate Assistant (Spring 2007; Spring 2008)
Neuropsychological Assessment
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
 Taught administration, scoring and interpretation of neuropsychological tests during
weekly lab classes for doctoral students
 Evaluated students’ demonstrated competencies on neuropsychological tests
 Supervised two graduate lab assistants
 Consulted with students as they formulate and complete a comprehensive
neuropsychological assessment
Supervisors: Wayne Adams, PhD, ABBP/CL, and Trevor Hall, PsyD
Adjunct Faculty (June-August 2007)
Chemeketa Community College, Salem, Oregon
Taught three-credit undergraduate psychology course: Psychology of Human Relations
Guest Lecturer: Multicultural Considerations for Clinical Foundations (November 2007)
George Fox University, Newberg, Oregon
Clinical Foundations for Therapy (2 credit graduate psychology course)
Guest Lecturer: Freud: A Century of Perspective Taking (November 2007)
George Fox University, Newberg, Oregon
History and Systems of Psychology (3 credit graduate psychology course)
Guest Lecturer: Feminist Psychology: Theory and Practice (April 2006)
George Fox University Health and Counseling Center, Newberg, Oregon
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Invited presentation to clinical staff.
Guest Lecturer: Sexuality Trends in Adolescents (March 2006)
George Fox University, Newberg, Oregon
Adolescent Psychology (3 credit undergraduate course)
Guest Lecturer: Relational Aggression (March 2006)
George Fox University, Newberg, Oregon
Sociology (3 credit undergraduate course)
Guest Lecturer: Fetal Alcohol Spectrum Disorders: What Counselors Need to Know
(December 2003) Invited presentation to master’s level therapists from community/private
mental health centers and secondary school counselors. University of Alaska, Fairbanks, Alaska

Related Employment
Sexual Assault Response Team Volunteer (2000)
Fairbanks, Alaska
 Provided advocacy and crisis counseling for women of sexual assault crimes during
SANE examinations at Fairbanks Memorial Hospital.
 Connected clients with continuing services in community after examination.
Women and Children’s Center for Inner Healing, Fairbanks Native Association
Counselor Aide (October 1997-October 1998)
Fairbanks, Alaska (Level III CARF Accredited Residential Treatment Facility)
Population: Alaska Native/American Indian Adults, Children
 Conducted comprehensive chemical dependency assessments and treatment
recommendations according to ASAM PPC criteria
 Co-facilitated individual and group counseling sessions
 Maintained documentation in primary client files on all treatment related activity
 Provided crisis intervention to clients
 Maintained caseload of 5-7 clients in primary counselor’s absence
Supervisor: Lynn Eldridge, MEd
Women and Children’s Center for Inner Healing, Fairbanks Native Association
Family Care Worker (January 1997-October 1997)
Fairbanks, Alaska (Level III CARF Accredited Residential Treatment Facility)
Population: Alaska Native/Native American Adults, Children
Responsibilities:
 Educated clients regarding impact of addiction on parenting
 Facilitated developmentally appropriate didactic experiences for mothers and their
children
 De-escalated children with developmental disabilities and assisted parents in
interventions
Supervisor: Connie Ferren, MEd
Fairbanks Crisis Line
Crisis Line Volunteer (September 1996 to April 2000)
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Fairbanks, Alaska
Population: Adolescents, Adults
 Conducted suicide lethality assessments and provided interventions
● Coordinated with local and state law enforcement agencies as needed for suicidal
clients and those involved in domestic violence situations
● Trained new volunteers in active listening skills and suicide interventions

Research Experience
Title: Neurocognitive Performance in Youth with confirmed Prenatal Alcohol Exposure
Dissertation Committee Chair: Wayne V. Adams, PhD, ABPP/CL
Dissertation Committee Members: Nancy Thurston, PsyD, ABPP, Kathleen Gathercoal, PhD
Grant-funded quantitative research examining cognition, memory, and the relationship between
working memory and other executive functioning domains in youth 12.0-16.11 years of age with
PAE.
Preliminary Oral Defense: October 28, 2008.
Final Defense: May 14, 2013.
Research Vertical Team Member (August 2005-April 2009)
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
Meet twice monthly to discuss and evaluate the design, methodology and procedures on a wide
variety of research projects being conducted by George Fox graduate students and faculty.
Chair: Wayne V. Adams, PhD, ABPP/CL Professor and Chairperson
Title: Evaluating Relationships among Clinical Measures of Working Memory.
Research Assistant George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology (July 2006-July 2007)
Grant-funded empirical research. Responsibilities include serving as a testing administrator
assessing the relationship among common measures of working memory.
Author: Benjamin L. Giesbrecht, PsyD
Title: Domestic Violence and the Church: Perceptions and Practices of
Local Communities of Faith (April 1997)
University of Alaska Fairbanks, Fairbanks, Alaska.
Original, qualitative research examining local clergy’s perceptions and responses to domestic
violence within congregations.
Faculty Supervisor: Kelly L. Hazel, PhD
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University Involvement
Disability Review Committee (2010)
University of Oregon, Eugene, Oregon
Office of Admissions
 Collaborated with staff and faculty from multiple offices on reviewing applicants to the
University of Oregon with documented disabilities
 Reviewed disability documentation and provided admission recommendations to
committee
Graduate Assistant to Chairperson (2005- 2006; 2007)
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
 Collaborated with chairperson and administrative staff on planning and organizing a twoday orientation for incoming doctoral cohorts
 Facilitated campus tours, academic registration, peer mentors, and social activities for
cohorts
 Assisted in organizing, inventorying and providing recommendations for test kits and
protocols based upon student needs
Multicultural and Diversity Leadership Team (2004-2009)
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
 Planned and organized department multicultural activities
 Facilitated discussion groups on topics related to multicultural competence in psychology
 Assisted in the development of a multicultural reference library for doctoral students
Student Council Representative (2006-2008)
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
 Elected by peers to represent the interests of the graduate student body in the clinical
psychology program
 Served as a liaison between faculty and students
Peer Mentor Committee (September 2006)
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
Responsibilities:
 Facilitated peer mentor program for the graduate department
 Linked mentors to incoming doctoral students
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Peer Mentor (2005-2006)
George Fox University, Newberg, Oregon
Graduate Department of Clinical Psychology
Responsibilities;
 Mentored incoming doctoral students in adjustment to graduate school and development
of a professional identity

Professional Presentations
McCrea Jones, L., & Sandoval, R. (November 2009). Neuropsychological Assessment of a
Costa Rican Male with Toxoplasmosis Encephalitis, Secondary to AIDS CDC Stage 3.
Symposium presentation at the National Academy of Neuropsychology 29th annual
conference. New Orleans, LA.
McCrea Jones, L. & McElroy, K. (April 2008). Increasing Counselor Stamina: Self-Care
for the Caregiver. Creating Capacity for Full Lives, Direct Providers Conference.
Anchorage, Alaska.
McCrea Jones, L. (August 2006). The Psychological Model and Psychopharmacology: A
Different Approach. Symposium presentation at the 2006 American Psychological
Association annual convention, New Orleans, LA.
McCrea Jones, L. (August 2003). Children of Substance Abusing Parents and PAE:
Implications for the Classroom. Presentation to secondary teaching and counseling staff.
Fairbanks North Star Borough School District, Fairbanks, Alaska
McCrea Jones, L. (March 1999). Substance Abuse and Suicidality: Assessment and Intervention
for the Addiction Professional. Invited presentation for substance abuse clinicians.
Fairbanks Native Association, Fairbanks, Alaska
McCrea Jones, L. (April 1997). Domestic Violence and the Church: Perceptions and Practices
of Local Communities of Faith. Original, qualitative research presented at the bi-annual
Social Sciences Conference, University of Alaska, Fairbanks, Alaska.

Professional Memberships
American Psychological Association for Graduate Students
● Division 2 Society for the Teaching of Psychology
● Division 35 Psychology of Women
● Division 40 Neuropsychology
● Division 45 Society for the Psychological Study of Ethnic Minority Issues
● Division 50 Society for Addiction Psychology Member (2008-2010) Appointed by then
President to “Committee for Diversity in Addictions Science and Practice.”Assisted in
developing mission statement, and 3-year strategic plan. Committee Chairs: Hortensia
Amaro, PhD, and Angela Bethea, PhD.
● Division 54 Pediatric Psychology
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International Neuropsychological Society
National Academy of Neuropsychology
Washington State Psychological Association
● Member of Ethics Committee

Scholarships and Awards
Special Commendation (2008)
Graduate Department of Clinical Psychology
George Fox University, Newberg, Oregon
Recognized by the graduate department for exemplary clinical/academic performance and
service to the Graduate Department of Clinical Psychology.
Richter Scholar (2008-2011)
George Fox University, Newberg, Oregon
Awarded $4000.00 grant to fund empirically based dissertation research.
Student Grant APA Division 45 (March 2008)
Awarded grant to attend National Multicultural Summit in Bethesda, Maryland:
Culturally Informed Evidence Based Practices:
Translating Research and Policy for the Real World

Diversity Scholarship (2004-2008)
George Fox University, Newberg, Oregon
Awarded departmental scholarship in the Graduate School of Clinical Psychology for facilitating
multicultural programming in the student community and encouraging the provision of
psychological services to underserved groups.
2002 VIP of the Year for Direct Services Provider
Resource Center for Parents and Children, Fairbanks, Alaska
Awarded this statewide commendation for counseling at-risk-youth, providing suicide
intervention, substance abuse and family intervention services in an alternative school setting.
Best Individual Presentation (April 1997)
Social Sciences Conference, University of Alaska, Fairbanks, Alaska
Presented original, qualitative research on perceptions and interventions of domestic violence by
local communities of faith.
Alaska State Room Scholarship (1993-1995)
University of Alaska, Fairbanks, Alaska
Statewide scholarship competition awarded for academic excellence and leadership abilities.

